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Abstract: In this paper we introduce the notion of ideals on neutrosophic set which is considered 
as a generalization of fuzzy and fuzzy intuitionistic ideals studies in [9,11] , the important topological 
neutrosophic ideals has been given in [4]. The concept of neutrosophic local function is also 
introduced for a neutrosophic topological space. These concepts are discussed with a view to find 
new neutrosophic topology from the original one in [8]. The basic structure, especially a basis for 
such generated neutrosophic topologies and several relations between different topological 
neutrosophic ideals and neutrosophic topologies are also studied here. Possible application to GIS 
topology rules are touched upon. 


Keywords: Neutrosophic Set; Intuitionistic Fuzzy Ideal; Fuzzy Ideal; Topological neutrosophic ideal; 


and Neutrosophic Topology. 


1. Introduction 


The neutrosophic set concept was introduced by Smarandache [12, 13]. In 2012 neutrosophic sets 
have been investigated by Hanafy and Salama at el [4, 5, 6, 7, 8, 9, 10 ]. The fuzzy set was introduced 
by Zadeh [14] in 1965, where each element had a degree of membership. In 1983 the intuitionstic 
fuzzy set was introduced by K. Atanassov [1, 2, 3] as a generalization of fuzzy set, where besides the 
degree of membership and the degree of non- membership of each element. Salama at el [9] defined 
intuitionistic fuzzy ideal for a set and generalized the concept of fuzzy ideal concepts, first initiated 
by Sarker [10]. Neutrosophy has laid the foundation for a whole family of new mathematical theories 
generalizing both their classical and fuzzy counterparts. In this paper we will introduce the 
definitions of normal neutrosophic set, convex set, the concept of a-cut and topological neutrosophic 
ideals, which can be discussed as generalization of fuzzy and fuzzy intuitionistic studies. 


2. Terminologies 


We recollect some relevant basic preliminaries, and in particular, the work of Smarandache in 
[12, 13], Hanafy and Salama at el. [4, 5, 6, 7, 8, 9, 10]. 


3. Topological Neutrosophic Ideals [4]. 


Definition 3.1: Let X is non-empty set and L a non-empty family of NSs. We will call Lis a 
topological neutrosophic ideal (NL for short) on X if 
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e AceLandBcA>BeELiheredity], 
e AcLandBeL>AvBeL [Finite additivity]. 


A topological neutrosophic ideal L is called a o -topological neutrosophic ideal if 


1A j f a L, implies oe 7 Aj€L (countable additivity). 
JE 


The smallest and largest topological neutrosophic ideals on a non-empty set X are Ow} and NSs 


on X. Also, Meiers 
neutrosophic subsets having finite and countable support of X respectively. Moreover, if A is a 


nonempty NS in X, then BENS: BCA| is an NL on X. This is called the principal NL of all NSs of 


are denoting the topological neutrosophic ideals (NL for short) of 


denoted by NL (4) ; 


Remark 3.2. 


- ¢ Inet , then L is called neutrosophic proper ideal. 
If ly EL 


On EL 


, then L is called neutrosophic improper ideal. 


Example 3.3. 


Any Initiutionistic fuzzy ideal € on X in the sense of Salama is obviously and NL in the form 
L= (A: A=(x,4,04,V4) et} 


Example 3.4. 
tet X = {a,b,c} A=(2,0.2,0.5,0.6) B= (x,0.5,0.7,0.8) aaa = (x,0.5,0.6,0.8) : then dhectandly 
L= LOn.A- B.Ds of NSs is an NL on X. 
Example.3.5 
Let x = (a, b, C, d, e} and A = (x, HA> OA? Va) given by: 
a 0.6 0.4 0.3 
b 0.5 0.3 0.3 
C 0.4 0.6 0.4 
d 0.3 0.8 0.5 
€ 0.3 0.7 0.6 


Then the family “> Ow-A} ig an NL on X. 


Definition.3.3: Let L1 and L2 be two NL on X. Then L2 is said to be finer than L1 or L1 is coarser than 


L2ifL1 S< L2. If alsoL1 # L2. Then L2 is said to be strictly finer than L1 or L1 is strictly coarser than 
L2. Two NL said to be comparable, if one is finer than the other. The set of all NL on X is ordered by 
the relation L1 is coarser than L2 this relation is induced the inclusion in NSs. The next Proposition 
is considered as one of the useful result in this sequel, whose proof is clear. 
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Proposition.3.1: Let by a Jj 
Mei U Lj 

set X.Then /§’ and /©’ _ are topological neutrosophic ideal on X, In fact L is the smallest 

upper bound of the set of the Lj in the ordered set of all topological neutrosophic ideals on X. 


be any non - empty family of topological neutrosophic ideals on a 


Remark.3.2: The topological neutrosophic ideal by the single neutrosophic set ON is the smallest 
element of the ordered set of all topological neutrosophic ideals on X. 


Proposition.3.3: A neutrosophic set A in topological neutrosophic ideal L on X is a base of L iff every 
member of L contained in A. 


Proof: (Necessity)Suppose A is a base of L. Then clearly every member of L contained in A. 
(Sufficiency) Suppose the necessary condition holds. Then the set of neutrosophic subset in X 
contained in A coincides with L by the Definition 4.3. 


Proposition.3.4: For a topological neutrosophic ideal L1 with base A, is finer than a fuzzy ideal L2 
with base B iff every member of B contained in A. 


Proof: Immediate consequence of Definitions 


Corollary.3.1: Two topological neutrosophic ideals bases A, B, on X are equivalent iff every member 
of A, contained in B and via versa. 


n={ujopyj):ieTf ; 
Theorem.3.1: Let be anon empty collection of neutrosophic subsets of X. Then 
there exists a topological neutrosophic ideal L ()) = {A © NSs: A C V Aj} on X for some finite 
collection {Aj: j = 1,2, ...... ,n € TH}. 


Proof: Clear. 


Remark.3.3: The topological neutrosophic ideal L (1) defined above is said to be generated by 1] 
and 1] is called sub base of L(1)). 


Corollary.3.2: Let L1 be an topological neutrosophic ideal on X and A € NSs, then there is a 
topological neutrosophic ideal L2 which is finer than L1 and such thatA € L2if A VB E12 for each 
BELLI. 


Corollary.3.3: Let = ( Har a,va) onl and” = Hp-Op-VB) = 22), where “! and *2 are topological 


ee A*B= 
neutrosophic ideals on the set X. then the neutrosophic set (Haspl) 0 4*p(X) v.axp(x)) ELjvly on xX 


where Hav )=vWlals)a mals) xe Xx) say pe = Vica@ACRO} gy Aloa@von(v)} 


and V AxB(X) = Ai 4(x)v V(x): xe XS 


4. Neutrosophic local Functions 


Definition.4.1. Let (X,T) be a neutrosophic topological spaces (NTS for short) and L be 
neutrsophic ideal (NL, for short) on X. Let A be any NS of X. Then the neutrosophic local function 


NA“(L,7) o£ A is the union of all neutrosophic points( NP, for short) C(@, 8:7) such that if 


UeN(C(@,£.7)) and NA (L,t)=V{C(a, B,y) €X:AAU €L forevery U nbd of C(a, £, yy NAD CED) se catia 
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neutrosophic local function of A with respect to tT and L which it will be denoted by NA '(L,7) , 


or simply me (L) 
Example .4.1. One may easily verify that. 


If p= ln Oe , for any neutrosophic set AéENSS on x. 


If L = {all NSs on X} then NA"(L,7) =O tor any AENSS onx. 


Theorem.4.1. Let (X oT ) be a NTS and Ly, Ly be two topological neutrosophic ideals on X. Then for any 
neutrosophic sets A, B of X. then the following statements are verified 
i) ACB=> NA*(L,7) < NB" (L,7T), 


i) LoL, >NA‘(L,1t)CNA'(L,7). 
iii) NA* =Ncl(A*)CNcl(A). 

iv) NA* CNA‘. 

v) N(AvB) =NA*v NB", 

vi) N(AAB)*(L)< NA*(L)A NB" (L). 
vii) 2EL>N(Avé) =NA*. 


viii) NA’(L,T) is neutrosophic closed set . 


Proof. 

i) i ACB, let p= C(a, £, y)E NA'(L,) then AAU €L for every Ue N(p) . By 
hypothesis, we get BAU ¢ L, then p = C(a, PB, y) E NB’ (L, ). 

ii) Clearly. L; Gly Implies NA*(L,,7) < NA*(L,,r) as there may be other IFSs which belong to 
Ly s0 that for GIFP_ p=C(a,fB,y)eNA* but C(a, 8,7) may not be contained in NA* (L, ): 

iii) Since {O N \ CL for any NL on X, therefore by (ii) and Example 3.1, 


NA™ (L) c NA* {On \) = Ncl(A) for any NS A on X. Suppose p, =C,(a@, 8,7) < Ncl(NA (L,)). 
So for every Ue N(p1), NA* AU #Oy, there exists p, =C,(a,8)eA (L,)AU) such that 
for every V nbd of p, €N(p,), AAU EL. Since UAV € N(p,) then AAU AV) éL 
which leads to AAU €L, for every Ue N(C(a, B)) therefore p, = C(a, B) E(A (L ) 
and so WNcl (NA" )< NA* While, the other inclusion follows directly. Hence 
NA* = Ncl(NA*) But the inequality NA” < Ncl(NA°). 

iv) The inclusion NA” v NB” <N (A VB i follows directly by (i). To show the other implication, let 
p=C(a,B,y)eN(AVB) then for every UeWN(p), (A V B)A U €éL, te, 
(A AU )v (B AU ) ¢ L. then, we have two cases AAU €L and BAU €L or the converse, 
this means that exist U,,U, € N(C(a, B, vy) such that AAU, €L, BAU, €éL, ANU €éL 
and BAU,¢L_ . Then AAU, AU,)EL and BAU, AU, )é LE this” gives 
(Av B)A(UU, AU,)EL, U, AU, €N(C(a,B,v) which contradicts the hypothesis. Hence the 


equality holds in various cases. 


NA" = Ncl(NA‘)’ S$ Nel(NA’) = NA tet (X57) be a GIFTS and L be GIFL on 


X. Let us define the neutrosophic closure operator cl (AY=AUA" for any GIFS A of X. Clearly, 
ig Ncl*(A) 


v) By (ili), we have 
is a neutrosophic operator. Let Nr (L) be NT generated by Nel 
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ce Ne*(L)=\A: Nel*(A°) = Av} 
Now a= (Oy } => Nel (A) =AUNA =AUWN«e (A) for every neutrosophic set A. So, 


*k 


Nt*GOn Se Again L={all NSs on X} — Ncl*(A)=A NA — On for 


> because 


every neutrosophic set A so 7 (L) is the neutrosophic discrete topology on X. So we can 


conclude by Theorem 4.1.(ii). Nr’ (On ) =Nr (L) 


ie. NT&NT | for any neutrosophic ideal Ly on X. In particular, we have for two 


topological neutrosophic ideals Ls and & onX, US SNOT (L)SNT(L) | 


Theorem.4.2. Let T;, 7) be two neutrosophic topologies on X. Then for any topological neutrosophic 
idealL on X, z, <7, implies NA*(L,r,) c NA*(L,r,), forevery A © L then Nt", cNr*, 


Proof. Clear. 
Abasis NG(L,z7) for Nz*(L) can be described as follows: 


NB(L, T) = 1A —-B:Aet,Be L} Then we have the following theorem 
Theorem 4.3. NB(L, A )= \A-B :Aet,Be L} Forms a basis for the generated NT of the NT 


(X : t) with topological neutrosophic ideal L on X. 


x 
Proof. Straight forward. The relationship between T and jyT7 (L) established throughout the 
following result which have an immediately proof . 


Theorem 4.4. Let 7],7 7 be two neutrosophic topologies on X. Then for any topological 
neutrosophic ideal L on X, T] C T implies N ag ENT. . 
Theorem 4.5: Let LY T) be a NTS and L,L, be two neutrosophic ideals on X. Then for any 


neutrosophic set A in X, we have 

i) NA*(L, Vv L,,r)=NA*(L,,Nr*(L,) )A NA*(L,,Nr*(L,)) 

ii) Ne*(L,V L,) =(Ne*(L,)) (L,) A N(e*(L) (Ly) 

Proof Let p=C(a,f)¢(L,VL,,7), this means that there exists U,e¢N(P) such that 
AAU, et VL) ie. There exists ¢,eL, and bo € Ly such that AAU , E (0, Vv £5) 


because of the heredity of Lj, and assuming /, Af, =Oy.Thus we have (A A U,)- (, =€5 and 
(AAU, )-£5 —/, therefore U, —0,)AA =(,¢eL, and U, —fy)aA =f,eL, . Hence 
p = Ca, B,v) ¢ NA* (L,,.Nc*(L, )} or p=C(a, B,7v) € NA* (L,.Nr*(L, )) because P must belong 
to either oe or £5 but not to both. This gives 
NA*(L, v L,,T7)= NA*(L,,Ne*(L) Ja NA*(L,,Ne*(L>)) .To show the second inclusion, let us 
assume p = C(a, 3,7’) ¢ NA*(L,, Nr*(L, )). This implies that there exist U pEN (P) and ¢,€L, 
such that (U , =e ) A Ae L,- By the heredity of L,, if we assume that £ 9) <A and define 
0,=(U,-2,)rAA , Then we have AAU, €(€,Vl,)EL, Vil 4 Thus, 
NA*(L, V L,,T)< NA*(L,,c* (Ly) Ja NA*(L,,Nr*(L,)) and = similarly, we can _ get 
A*(L,VL,,t)< A" (L, ,t*(L) ys This gives the other inclusion, which complete the proof. 

Corollary 4.1.Let LY 5c ) be a NTS with topological neutrosophic ideal L on X. Then 

i) NA’(L,t)=NA‘*(L,r°)and Nr‘ (L)=N(Nr'(L))'(L) . 

ii) Nr*(L,VL,)=(Nc"(L,)) v(Nz*(L,)) 


Proof. Follows by applying the previous statement. 
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Abstract: This paper is devoted for presenting new neutrosophic similarity measures between 
neutrosophic graphs. We propose two ways to determine the neutrosophic distance between 
neutrosophic vertex graphs. The two neutrosophic distances are based on the Haussdorff distance, 
and a robust modified variant of the Haussdorff distance, moreover we show that they both satisfy 
the metric distance measure axioms. Furthermore, a similarity measure between neutrosophic edge 
eraphs, that is based on a probabilistic variant of Haussdorff distance, is introduced. The aim is to 
use those measures for the purpose of matching neutrosophic graphs whose structure can be 
described in the neutrosophic domain. 


Keywords: Neutrosophic Graphs, Haussdorff Distance, Graph Matching. 


1. Introduction 


Graphs are essential for encoding information, which may serve in several fields ranging from 
computational biology to computer vision. The notion of graph theory was first introduced by Euler 
in 1736, given a graph where vertices and edges represent pairwise interactions between entities [2, 
5]. The past years have witnessed a high development in the areas of the applications of graphs of 
pattern recognition and computer vision, where graphs are the most powerful and handy tool used 
in representing both objects and concepts. The invariance properties, as well as the fact that graphs 
are well suited to model objects in terms of parts and their relations, make them very attractive for 
various applications. Hence, the theory of graph became an extremely useful tool for solving 
combinatorial problems in different areas such as geometry, algebra, number theory, topology, 
operations research, optimization and computer science [1]. In 1975, a fuzzy graph theory as a 
generalization of Euler’s graph theory was introduced by Rosenfeld [7], based on the concepts of 
fuzzy set theory proposed by Zadeh in 1965 [19]. 

In a world full of indeterminacy, traditional crisp set with its boundaries of truth and false has 
not infused itself with the ability of reflecting the reality. Therefore, neutrosophic found its place into 
contemporary research as an alternative representation of the real world. Established by Florentin 
Smarandache [16], Neutrosophy was presented as the study of "the origin, nature, and scope of 
neutralities, as well as their interactions with different ideational spectra". The main idea was to 
consider anentity ”A” in relation to its opposite ”“Non-A”, and to that which is neither "A” nor” 
Non-A”, denoted by "Neut-A”. From then on, Neutrosophy became the basis of Neutrosophic Logic, 
Neutrosophic Probability, Neutrosophic Set Theory, and Neutrosophic Statistics. According to this 
theory every idea” A” tends to be neutralized and balanced by “neut-A” and ”“non- A” ideas - as 
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a state of equilibrium. Ina classical way ”A”, “neut-A”, ’anti-A” are disjoint two by two. But, since 
in many cases the borders between notions are vague, imprecise or sorties, it is possible that “A”, 
“neut-A” and “anti-A” have common parts two by two, or even all three of them as well. In [16, 17], 
Smarandache introduced the fundamental concepts of neutrosophic set, that had led Salama and 
Smarandache [15], to provide a mathematical treatment for the neutrosophic phenomena which 
already existed in our real world. Moreover the work of Salama and Smarandache[15,16,17] formed 
a starting point to construct new branches of neutrosophic mathematics. Hence, Neutrosophic set 
theory turned out to be a generalization of both the classical and fuzzy counterparts. 

In [6,11,12,13], the authors gave a new dimension for the graph theory using the concept of 
neutrosophy, some study for different types of neutrosophic graphs were presented and some of their 
properties were investigated. The aim of this paper is to compute the dissimilarity between two 
eraphs, our methodology is based on the Haussdorff distance, which is invariant to rotation. Whereas 
several neutrosophic distances where introduced in [4, 14], the authors constructed the neutrosophic 
distance between neutrosophic sets. The remaining of the paper is structured as follows: definitions 
of neutrosophic sets and graphs are presented in §2 and §3. Whereas, §4 introduces the idea behind 
the Haussdorff distance between two crisp sets. In §5.2 and §5.3, we propose two new neutrosophic 
dissimilarity measures between neutrosophic vertex graphs based on the classical and the modified 
Haussdorff distances. Furthermore, we investigate the metric axioms for the obtained distances. A 
neutrosophic similarity measure between neutrosophic edge graphs, based on a probabilistic variant 
of Haussdorff distance, is introduced in §5.3. 


2. Neutrosophic Sets 


let X be a space of points (objects), with a generic element in X denoted by x, a neutrosophic set 
A in X is characterized by a truth-membership function T, a indeterminacy-membership function I 
and a falsity-membership function F [15, 18], Thatis: T, I, F: x —] -0, 1+ [. 

Where T (x), I(x) and F (x) are real standard or non-standard subsets of ] -0, 1+ [. 

In general if there is no restriction on the sum of T (x), I(x) and F (x),so O° S = T(x)+ I(x)+F 
(x) < 3°. T,I, Fare called neutrosophic components. In this paper we will restrict our work to use 
the standard unit interval [0, 1]. 


3. Neutrosophic Graphs 


In [6], the authors defined the neutrosophic graph, to be a graph G < V, E> combined with six 
mappings, written in the form Gy =< V,E,Te, Ie, Fe, Ty, ly, Fy >, where 

T,:V— [0,1] , 1,:V— [0,1], k,:V— [0,1] denoting the degree of membership ,degree of 
indeterminacy and non- membership of the element vi €V respectively and0 < T, (vi)+ JI, (vi)+ 
F, (vi) S 3forevery vi € V, i=1,2,.....,n),and 
T.:Vx V [0,1], Ie: Vx V — [0,1] and Fk: Vx V —[0,1] are such that T, ( 1,1; ) 
min(T,(v;), T, (yj) ), Te (VV; ) S min(1,(%),1,(y;)) and F.(v%,v;) < min (F,(y%),%(v;)) and 0 
To (Vj, ¥j)+ Ie(Ui, Vj) + FeV, V;) S 3 forevery (v,,v;) € EG, j=1, 2,3,....,n). 

The concept of neutrosophic graph was used by several authors; nevertheless they took different 


IA IA 


points of view when describing the interpretation of graph neutrosophy. We constructed the 
following structure depending on the one given in [6, 12]. 


3.1. Neutrosophic Edge Graphs 


A neutrosophic graph is defined as a graph combined with three mappings, written as G = 
(V ,E ,T., Ip ,F, ),where T,:Vx V —-[0,1], Ie: Vx V — [0,1] and F,: Vx V -[0,1] are such that 
Te(Vji, Vj)S min (T, (Vi), Ty (Yj), Ie(Vj, Vj) < min (I, (vi), 1,(v;)) and F, (Vj, Vj) < min (F, (V4), F,(v;)) and 
OS 100; 0;) 1p) + Ei 0) S383 forevery -(v;,V;) © EG, 1, 2, 3,4.04 0): 
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3.2. Neutrosophic Vertex Graphs 


The term neutrosophic vertex graph was used to define a graph of the form: 

G=( ,E ,T,, I, ,F, ) combined with three mappings, written as T,:V— [0,1], [,:V— [0,1], 
F,:V— [0,1] denoting the degree of membership, degree of indeterminacy and non- membership of 
the element vi € V respectively and 0 < T, (vi)+ JI, (vi)+ F (vi) <3 forevery vi € V,(i 
= 12) engl). 


4. Haussdorff distance 


Since first introduced by Haussdorff in 1914 [8], the Haussdorff distance has been used in several 
areas including matching and recognition problems. It provides a means of computing the distance 
between sets of unordered observations when the correspondences between the individual items are 
unknown. In its most general setting, the Haussdorff distance measures how far two subsets of a 
metric space are from each other. It turns the set of non-empty compact subsets of a metric space into 
a metric space in its own right. Given two such sets, the closest point in the second set for each point 
in the first set is considered. Hence, the Haussdorff distance is the maximum over all these values. 
More formally, the classical Haussdorff distance (H D) [4, 10], between two finite point sets A and B 
is given by: 

H(A,B) = max(A(A, B), h(B, A)) 
Where the directed Haussdorff distance from A to B is defined to be: 
h(A, B) = max min|| a — b|| 
acA bEB 

And ||. || is some underlying norm on the points of A and B (e.g., the Zz or Euclidean norm). 
Regardless of the norm, the Haussdorff metric captures the notion of the worst match between two 
objects. The computed value is the largest distance between a point in one set and a point in the other 
one. Several variants of the Haussdorff distance have been proposed as alternatives to the maximum 
of the minimum approach in the classical one, like Haussdorff fraction, Haussdorff quintile [10] and 
Spatially Coherent Matching [3]. 

A robust modified Haussdorff distance (MHD) based on the average distance value instead of 
the maximum value was proposed by Dubuisson and Jain [7], in this sense they defined the directed 
distance of the MHD as: 


1 
MH(A, B) = —\ min|la — bl 
A 


aecA 


5. Neutrosophic Graph Similarity Measures 


In this section, we introduce neutrosophic graph similarity measures, based on the concept of 
Haussdorff distance and some of its variants. 

Firstly, we propose two new neutrosophic dissimilarity measures based on the classical and the 
modified Haussdorff distances [4, 6, 14]. Basically the neutrosophic dissimilarity measure is a triple: 
the first part is a dissimilarity measure of the true value of the neutrosophic object, the second part is 
a dissimilarity measure of the indeterminate value of the neutrosophic object, and the third part is a 
dissimilarity measure of the false value of the neutrosophic object; that is the opposite of the 
neutrosophic object. Secondly, we propose a new neutrosophic similarity measure based on the 
probabilistic Haussdorff distance [9]. With a similar structure, the neutrosophic similarity measure is 
also a triple as the explained in the neutrosophic dissimilarity measure. Obviously, if the 
indeterminate part does not exist (its measure is zero) and if the measure of the opposite object is 
ignored the suggested neutrosophic dissimilarity measure is reduced to the concept of Haussdorff 
distance in the fuzzy sense. 
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5.1 Neutrosophic Haussdorff Distance 


To commence, we consider two neutrosophic vertex graphs 
G, =V, , Ey, sTo, In. 1 Fy, ) and G, = (VQ Ey 5Ty, Typ » Fy ), where V;,i=1, 2 are the sets 
of nodes, E;, where i= 1, 2 are the sets of edges and _ T,,;, l,i, Fyi, wherei=1,2 are the matrices whose 
elements are the true, indeterminate and false values defined for each element of V;, 1 = 1, 2, 
respectively. We can now write the distances between the two neutrosophic vertex graphsG,, Gz as 
follows: 
NGD (G, ,G2) = (Tyep (Gi, G2), Ineo (G1, G2), Fuep (Gi G2)) 
Where, 
Tyep (Gy, G2) = max(Tyga(G, G2), Tyga (G2, G)) 
Ivep (G1, G2) = max(Inga (G1, G2), Inga (G2, G)) 
Fygp (Gy, G2) = max(Fyga (Gi, G2), Fuga (G2, G1)) 
And 


Tyga(G1, G2) = max max ma min||T,, (LJ) — Ty, GD] 


Ingq(G1, G2) = max max ————— >>I d,J) - i 
NGd\“'1) U2 V5 | x \V2| | V2 J LG, || 


ieVy jeV4 leV> Jev 
€V2 


Fyca(G1, G2) = min min max max||F,, (I, D)-F,,4,)]| 


NGd(G2,G,) can be computed in a similar way. 


Proposition 1: The Neutrosophic vertex graph distance NGD satisfies the metric distance measure 
axioms: 


A1) (Symmetry): NGD (G,, G2) = NGD (G3, G,), 
A2) (Non-negativity): NGD (G;,G2) 20, 
A3) (Coincidence): if NGD (G,,G,)=0 then G, =Gz, 
A4) (Triangle Inequality): for any three neutrosophic vertex graphs G,,G, and G3 
we have: NGD (G,,G2)S : NGD (G,, G,) + NGD (Gz, G3). 
Poof: Al and A2 can easily be proven. 

A3): When NGD(G,, G2) = (Tgp (Gz G2), Inep (G1, G2), Fugen (Gi, G2)) = (0,0,0), that is 
every component of the triple which is the maximum of two positive values is 
zero, the values of Tygq(Gj, G;),Inca(Gi, G;) and Fyga(G;,G;) for i, j= 1, 2 are all 
zeros. Namely the maximum distance among the nearest nodes in both Gy, G, 
is zero. That means that the distance between each element of V, and its nearest 
element in the set V, is zero. That is each element in V, coincides with an 
element in V, and vice versa; hence V, = V5. 

A4): Consider any three neutrosophic graphs G, =(V, ,F, 57, oF), 
Gz = (V2,E2,T2, In,F, )and Gz = (V3 ,E3 ,T3, Iz ,F3 ) . For any 
lisdx © Ve, K=1,2,3, wecan easily see that: 
ll T3Gs,73) — T1G Js) Il S IITs Gs, is) — To Ga, jad Il + IIT2 Ga, j2) — Th II 
where the values Tx (ix, jx), K=1, 2, 3, lye in the interval [0, 1]. Consequently, 
one can show that: 


max max min min IITs Ja) — T, Gi ja) Il 
14 EV, jieVi i3€V3 j3eV 


< max max min min|[T3(i3,J3) — T> (ir, j2) II 
12€V2 J2eV2 izeV3 j3eV 


+ max max min min |[T2(é2, J 5) —T, ce II 
1z€Vy1 J1eV4 t2eV2 J2eV. 


That is: Tyc¢q(Gz, G3) e Tyga(G2,G3) + Tyga(G1,G2) and similarly Tygqg(G3,G,) < 
Tyga(G3, G2) + Tyga (G2, G1) 

Hence, max (Tyga(G1, G3), Tyga(G3,G1)) S max (TyealG2, G3), Tyga (G3, G2) ) + max 
(Tyga (G1, G2),Twga(G2,G,)). Then, Tygp(G1, G3) S$ Tygp (Gi, G2) + Tgp (G2, G3). 

The same procedure goes for both Iygp andFygp. That leads to 
NGD (G,, G3) < NGD (G,,G,) + NGD (Gy, G3). 
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5.2 Modified Neutrosophic Haussdorff Distance 


Consider two neutrosophic vertex graphs G, =(V, ,Fy ,Ty, 1 .F1) and G, = 

(V, , Ez ,Ty2, Iy2 »Fy2 ), where V;, i= 1, 2 are the sets of nodes, E;, where i= 1, 2 are the sets of edges 
and T,;,1,;,Fy; , where i=1,2 are the matrices whose elements are the true, indeterminate and false 
values defined for each element of V;,i=1, 2, respectively. We can now write the distances 
between the two neutrosophic vertex graphs G,, Gz as follows: 

MNGD (61,62) = (Tunep (G1 G2), Imnep (G1, G2), Funan (Gi G2)) 

Where, 

Tuncp (G1, G2) = max (Tynca(G1,G2),Tunca(G2,G1)) 

Imuep(G1,G2) = max (Uynea(G1/G2)Iunea(G2/G1)) 

Fynep(G1,G2) = max (Fywea(G1,G2),Funca(G2/G1)) 

And, 


Tunca(G1, G2) = Vi) x Vv; x aA ——— ) 218 wile min|l72U, J) oe T, (i, Dil 


LEV, 


Imnca(G1, G2) = my : Wa 2 IW) -hnG/ll- 


Funca(Gie G2) = a EP » max maxllF, (I,J) — F.C Jl 


Similarly, we can find MNGd ( Gy, os 

Proposition 2: The Modified Neutrosophic vertex graph distance MNGD satisfies the metric distance 

measure axioms: 
AA1) (symmetry): MNGD (G,, G2) = MNGD (G2, G,), 
AA2) (non-negativity): MNGD (G,,G,) 20, 
AA3) (coincidence): if MNGD (G,, Gz) =0 then G, = Gy, 
AA4) (triangle inequality): for any three neutrosophic vertex graphs G,,G2 and G3 
we have: 
MNGD (G,,G3) S MNGD (G,,G2) + M NGD (G2,G3). 
Proof: Similar to the procedure used to prove Proposition 1. 


5.3 Probabilistic Neutrosophic Haussdorff Distance 


To overcome the robustness of both the classical and the modified Haussdorff distance, Hue and 
Hancock [9] have developed a probabilistic variant of the Haussdorff distance. This measure the 
similarity of the set of attributes rather than using defined set based distance measures. To commence, 
we recall two edge graphs G; = (V, ,Ey ,Te,, Ie, Fe, ), Go = V2,F2,Te,, le, , Fe, ) as mentioned 
before, the set of all nodes connected to the node I € G, by an edge is defined as: 

C? = U|C,J) € Ez}, and the corresponding set of nodes connected to the node i € G, by 
anedge C; = {j|(@,j) € E,}. A measure for the match of the graph G, onto Gy is: 
PNGD (G, ,G2) = (Tenep (G1, G2), Ineo (G1, G2), Fewen (G1, G2)) 

where,Tpygp (G1, G2) = max(Tpyca (G1, G2), Tenga (G2, G1)) 
Ipnap (Gy, G2) = maxUpyea (Gr, G2), Ipnca (G2, G1)) 
Fpnep (Gi, G2) = max(Fpyea (Gy, G2), Fenga(Gz, G1)) 

and, Tpyea (Gr, G2) = map Xjecp maxmax P((iJ) > GJ) [Te,L J) Te, GD) 


Innca (Gx G2) = TH, Wax a i mgxmax P((L J) > (IJ) Hea(LD)s ley 6D) 


eV. 
Fonca(G1 G2) = seat y main min PC(if) > (LJ) Meg(LJ). Fey GD) 
EV, jEC: 
In this formula the posteriori probability P((i,j) > (LJ) > GLJ)|T., UJ), Te, J)) represents the 


true value for the match of the Gz edge (I, J) onto the G, edge (i, j) provided by the corresponding 
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pair of T,,(U,J) and T,, (i,j). This similarity measure works as follows, it commence with finding 
the maximum probability over the nodes in C? then averaging the edge compatibilities over the 
nodes C;'. Similarly we consider the maximum probability over the nodes in the graph G, followed 
by averaging over the nodes in G,. It worth mentioned here that unlike Neutrosophic Haussdorff 
distance this similarity measure does not satisfy the distance axioms. Moreover, while the true 
components of the Neutrosophic Haussdorff distance measures the maximum distance between two 
sets of observations, our measures here returns the maximum similarity. Back to the rest formulae of 
the posteriori probability which represent the indeterminacy value and the false value for the match 
of the Gz edge (I, J) onto the G, edge (i, j) using similar procedure to the true value. We still need to 
compute the probabilities P((i,j) > (LD) |Te, UL), Te, EJ), 

Pa)? GDI, LD le, iD) and P(ij) - “DIE, UD), Fe, GJ). For that purpose we will 
use a robust weighting function: 
P(A) > UD MTe,L DoT Gp) = a DTG 
Ld NeEe re (||Te, UJ), Le (i,j) I) 

Po MWes ED te DID 

dL ek Pe (IIe, CJ), le, (i,j) |) 
PCC A) > CLIT Reg J). TR (ef) = DFE 
Dek rs(||K, CJ), Fes (i,j) |) 
Where [,(.) is a distance weighting function. There are several alternative robust weighting 


PULA) > GD Ve, Ute, OJ) = 


functions. For instance, one may consider the Gaussian of the form 
sige 2 
l=(p) = exp Go) where p* = (Te, Up, D) according to the true part, 
2 2 
p= ie CJ) — le, (i,)) according to the indeterminacy part and p? = (Fe, (Ji, (ij) 


according to the false part, where o is the standard deviation. The similarity measure can be viewed 
as an average pairwise attribute consistency measure. 


6. Conclusion and Future Work 


Graphs are the most powerful and handy tool used in representing objects and concepts. This 
paper is dedicated for presenting new neutrosophic similarity and dissimilarity measures between 
neutrosophic graphs. The proposed distance measures are based on the Haussdorff distance, a 
modified and a probabilistic variant of the Haussdorff distance, additionally we proved that the given 
Neutrosophic Haussdortf and the Neutrosophic Modified Haussdorff distances satisfy the metric 
distance measure axioms. The aim is to use those measures for the purpose of matching graphs whose 
structure is described in the neutrosophic domain. In our plan for the future we will consider using 
the deduced measurements in image processing applications, such as image clustering and 
segmentation. 


References 


1. Arora, S., Rao, S. and Vazirani, U. Expander Flows, Geometric Embeddings and Graph Partitioning, In 
Symposium on Theory of Computing, 2004. 

2. Battista, G. D., Eades, P., Tamassia, R. and Tollis, , Graph Drawing Algorithms for the Visualization of 
Graphs, Prentice Hall, 1999. 

3. Boykov, Y. and Huttenlocher, D., A New Bayesian Framework for Object Recognition, Proceeding of IEEE 
Computer Society Conference on CVPR, Vol. 2, pp. 517-523, 1999. 

4. Broumi, S. and, Smarandache, F. Several similarity measures of neutrosophic sets. Neutrosophic Sets and 
Systems, Vol. 1.1, pp. 54-62, 2013. 

5. Chung, F. R. K., Spectral Graph Theory, CBMS Vol. 92, 1997. 

6. Dhavaseelan, R, Vikramaprasad, R. and Krishnaraj, V., Certain Types of Neutrosophic Graphs, "Int. 
Jr." of Mathematical Sciences & Applications, Vol. 5, No. 2, pp. 333-339, July-December, 2015. 

7. Dubuisson, M., and Jain, A., A Modified Haussdorff Distance for Object Matching, pp. 566-568. 


Shimaa Fathi, Hewayda ElGhawalby, and A.A. Salama, On Neutrosophic Graph 


Neutrosophic knowledge, Vol. I, 2020 13 of 94 


10. 


11. 


12; 


13. 


14. 


15. 


16. 


17. 


18. 


19. 


Haussdorff, F., Grundzge der Mengenlehre, Leipzig: Veit and Company, 1914. 

Heut, B., and Hancock, E. R., Relational Object Recognition From Large Structural Libraries Pattern 
Recognition, Vol.32, pp.1895-1915, 2002. 

Huttenlocher, D. , Klanderman, G., and Rucklidge, W., Comparing Images Using the Haussdorff 
Distance, IEEE. Trans. Pattern Anal. Mach. Intell, Vol. 15, pp. 850-863, 1993. 

Kandasamy, W. B. Vasantha, Ilanthenral, K. and Smarandache, F. Neutrosophic Graphs: A New 
Dimension to Graph Theory, 2015. 

Kandasamy, W., B. Vasantha and Smarandache, F., Basic Neutrosophic Algebraic Structures and their 
Applications to Fuzzy and Neutrosophic Models, Hexis, 2004. 

Rajeswari, V. and Parveen Banu, J., A Study on Neutrosophic Graphs. Int. J. _ Res. Ins., Vol. 2, Issue 2, pp. 
8-16, Oct 2015. 

Salama, A. A., Abdelfattah, M. and Eisa, M. Distances, Hesitancy Degree and Flexible Querying via 
Neutrosophic Sets, International Journal of Computer Applications, Vol.10, pp. 101, 2014. 

Salama, A. A. and Smarandache, F. Neutrosophic Set Theory and its Applications, Neutrosophic Topology, 
and its Applications. USA, Book, 2014. 

Smarandache, F., A Unifying Field in Logics: Neutrosophic Logic, Neutrosophy, Neutrosophic Set, 
Neutrosophic Probability, American Research Press, Rehoboth, NM, 1999. 

Smarandache, F., Neutrosophy and Neutrosophic Logic, First International Conference on Neutrosophy , 
Neutrosophic Logic, Set, Probability, and Statistics University of New Mexico, Gallup, NM 87301, USA, 
2002. 

Smarandache, F. Neutrosophic Set, A Generalization of The Intuitionistic Fuzzy Sets. Inter. J. Pure Appl. 
Math, Vol. 24, pp.287- 297, 2005. 

Zadeh, L.A., Fuzzy sets, Inform. Control, Vol. 8, pp. 338 -353, 1965. 


Shimaa Fathi, Hewayda ElGhawalby, and A.A. Salama, On Neutrosophic Graph 






Neutrosophic Knowledge, Vol. 1, 2020 
University of New Mexico 


~ 


Article 


A Study of Neutrosophic Differential Equation by Using a 
Neutrosophic Thick Function 


Malath F. Alaswad *” 


' Paculty of science,, Department,of mathematices, AL- Baath University, Homs, Syria; Malaz.aswad@yahoo.com 
* Correspondence: Malaz.aswad@yahoo.com 


Received: 10 September 2020; Accepted: 28 October 2020; Published: date 


Abstract: This paper, is an extension of another paper that was previously published in IJNS entitled 
"A study of the integration of neutrosophic thick function". In this paper, the concept of neutrosophic 
thick function has been introduced in the definition of other types of differential equations, which are 
Bernoulli's equation, Exact differentiale quation, Non- Exact differentiale quation, And integrating 
factors, Addition to the Ricati. Finally, solutions to this equation will be found. 


Keywords: The neutrosophic thick function, the integration of neutrosophic thick function, the 
neutrosophic homogeneous and non-homogeneous differential equation. 


1. Introduction 


Neutrosophic created by F. Smarandache, is a new logic in the mathematical world, which relies 
on the principle of indeterminacy, and this logic is considered as a generalization of fuzzy logic [1], 
which differs from classical logic. Also, in 2015, F. Smarandache, has defined the concept of 
continuation of a neutrosophic function in [1], and neutrosophic mereo-limit [1], mereo-continuity. 
Moreover, in 2014, he has defined the concept of a neutro-oscillator differential in [3], and mereo- 
derivative. Finally in 2013 he introduced neutrosophic integration in [2], and mereo-integral, besides 
the classical defintions of limit, continuity, deverative, and integral respectively. 

Recently, the neutrosophic crisp set theory may have application in image processing [4], [5] 
the neutrosophic sets [6] have application in the medical field [7],[8],[9], [10], the field of 
geographic information systems [11] and possible applications to database [12]. Also, neutrosophic 
triplet group application to physics [13]. Morever Several researches have made multiple 
contributions to neutrosophic topological[14],[15], [16], [17], [18], [19], [20], Also More researches 
have made multiple contributions to neutrosophic analysis[21]. Finally the neutrosophic integration 
may have application in calculus the areas between tow neutrosophic functions. 


2. Preliminaries 


In this paper f(x) = [f,(~), fo(x)] is called a Neutrosophic thick function. Now, we recall some 
definitions which are useful in this paper. 


Defintion 2.1. [22] . Let f(x) =[f,0), fo(x)] bea neutrosophic thick function. Then we define the 


integration of this function such as: 


| reode = [[A@.Aeax=[[ ACdae+ ey | AOD ax + eo] = [481 


Where C1, =a, a b,1, ,C2 = Ap + bolo. 
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3. Neutrosophic Bernoulli's equation. 


In this section we defined the Neutrosophic bernoulli equation based on the thick function and find 
solutions to this equation. 


Defintion 3.1. 
This equation takes the following form: 
¥ + [pi CX), poy = qx)y” «ee CD) 
¥+p@)y = [a @), a2) y” «.. (2) 
y + [pi (x), poly = Lai), d2(x)]y” ... «. (3) 
Now I will rely on the first model and the rest of the models in the same way: 
¥ + (pix), pay = ay" 
Method of solution. 
1- We dived the ends of the equation (1) by y”: 





yy" + [pr (x), po(x)]y-"** = q(x) we (4) 
2- Now let: 
zayt 
Then: 
Z=(-n+1)y"y 
ere Ae 
_ =n. 


3- We substitute into equation (1): 

zy" + (—n + 1)[pi(), po) Jz = (—n + 1)q() ... ... (5) 
It's a Neutrosophic non- homogeneous linear differential equation, we studied this equationin [22], 
we obtain the solution of this equation: 


Ye 5 (1 + bI + | ueoa@e)ar) 


Where (x) is the complement to the equation (5). 


4- We obtain the general solution of the equation (1): 


1 
y = iz} 
Example 3.2. Find the general solution for the following neutrosophic bernoulli equation: 
i [egy = 
Y— 1%, y MS XY 
Solution. The equation given from the first form: 


¥ + (pi), poly = ay" 
We dived the ends of the equation by y?: 


1 
yy 3 - x, -| 5 ae aes (6) 


Now let: 
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zZ=y 
Then: 

Za—2y "Vy 
as) 
ae 

Then: 


2 
Z+ j2x,—| Z=-—2x 
x 


It's a Neutrosophic non- homogeneous linear differential equation, the complement of this equation 
as follow: 

w(x) = [e*, x?] 
We find that the general solution is written as: 


1 


Z= mel + bI + | ucoa@e)ax) 


1 
= alert bI + 1 -2xe*dx, | -2x3dx |) 
e~" x 


ae +b +| | a [a 
2 = ae ya] a e*'dx, | ——dx 


We obtain the general solution of the equation: 


eign 


Example 3.3. Find the general solution for the following neutrosophic bernoulli equation: 
§+—y = [-Ina),-]y’ 
ee ea 

Solution. The equation given from the second form: 


y+ plc)y = lar), qae)ly” 
We dived the ends of the equation by y’: 


ips ph - Ce hut) 
Now let: 
in 
Then: 
gay oy 
y= -y*4 
Then: 


1 =I 
Z--Z= line) — 
x x 
It's a Neutrosophic non- homogeneous linear differential equation, the complement of this equation 


as follow: 
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i 
u(x) = : 


We find that the general solution is written as: 


1 


Z= meni G + bI + | ucoa@e)ar) 


2=z(ator+| fax, f Sax) 
x 


Za (a + bI + [ncn x),-]) 





We obtain the general solution of the equation: 


y={x(a+br+findnx),-})} 


Example 3.4. Find the general solution for the following neutrosophic bernoulli equation: 
y + [tanx, cotx]y = [sinx, cosx]y 
Solution. The equation given from the second form: 
¥ + (pi), Poy = la), a2)" 
We dived the ends of the equation by y?: 


yy~* + [tanx, cotx|y~+ = [sinx, cosx] ...... (8) 
Now let: 
i ie 
Then: 
Lim y oy 
Vary 
Then: 


Z+ [-—tanx, —cotx|z = [—sinx, —cosx] 
It's a Neutrosophic non- homogeneous linear differential equation, the complement of this equation 
as follow: 


1 
u(x) = lcosx, =| 
SINX 


We find that the general solution is written as: 





1 
7 = — a+bi+{ x)q(x dx 
tt wax) 
1 —COSX 
z=—— (a+ b1 +[[ -sinx cosxdcx, | dx |) 
|cosx, — | oes 
sinx 
1 1 
ZL = ———(a + bI + |- cos2x ,— In(sinx)} 
|cosx ake | 4 
’Sslnx 


We obtain the general solution of the equation: 
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=i 


1 
y= (a + bI + F COS2x ,— In(sinx)} 


|cosx, —_| 
sinx 


4. Neutrosophic Exact differential equation. 


In this section we defined the Neutrosophic Exact differential equation based on the thick function 
and find solutions to this equation. 


Defintion 4.1 . Let the differential equation: 
[pi y), Po (x, y)Jdx + qi), a2 y)Idy = 0 «..... (9) 
We say the Neutrosophic differential equation (9), is a Exact differential equation if .... The 


conditions: 
Pia 
Oy Ox 
OD 2.002 
Oy Ox 


We obtain the general solution of this equation: 


x x y y 
| pice ydax, | px. yax + | axro»day, | a2(xo.»ay =a+bl...... (10) 
xo xo Yo Yo 


Which X9,¥o is arbitrary constants. 


Example 4.2. Prove the equation is a exact differential equation, and Find the general solution for 


this equation: 


[3x* + 6xy*, y — 2x*]dx + [6xy’ + 4y?,x]dy = 0 
Solution. We note: 


Op, Ody Op, Og 
—? = 12xy,— = 12 ae 
dy *Y ax pe =e dy Ox 


Op,  , 92 =35 Op2 942 


dy’ ax ay Ox 


Then the equation is exact and this solution is: 


x x y y 
| picxydax, | po ydax] +] | arxo.»dy, | ao(oyddy] = a+ BT 
X0 x0 yo yo 


Now let Xo = 0, Yo = 0, then: 


y y 
+ | 4y%ay, [ oay =a+bl 


0 0 


x x 
{ 3x* + 6xy2dx, | y — 2x%dx 


0 0 
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1 
Ee + 3x*y*, yx — 5x" + [y*,a,+b,L,] =a+bl 


1 
[x3 + 3x2y? ty" yx 5x" + ay + bly =a+t+bl 


5. Neutrosophic non-Exact differential equation and complement factors. 


Defintion 5.1 . Let the differential equation: 
[pi (x,y), P2(x, y)]dx + [41 ¥), a2(%, y)]dy = 0 ..... (11) 
We say the Neutrosophic differential equation(11), is a non-Exact differential equation if: 
Op, , 901 


ay * ax 
0 0 
Op. _, OP2 
Oy Ox 
Method of solution. 
1- We find the complement to the equation (11) as follows: 


u(z) = [41,(]), w2(Z)] 


Which 
Z=2Z(X,Y) 
Op, _ 9% 
dinu,(z) dy Ox 
dz Oz Oz 
115, P1 ay 
Op2 _ Oq2 
d\n p> (Zz) _ Oy Ox 
dz. OZ Oz 
W295, ~P2 ay 


2- We multiply the ends of the equation (11) by the complement factor: 


[H1(Z)P1(%, Y), M2 (Z)p2(%, y)|dx + [My (zZ)q1(%, y), H2(Z)q2(%, y)|dy = 0 
Then the equation is a exact and obtain this solution by(10). 


Example 5.2 Find the general solution for the following equation: 


1 y 1 
j2xy + x*y+ a) 2 — 22| dx + x? + y2— dy =0 
Which u(x) = [HW (%), U2(x)I. 

solution. 


u(x) = [Hy (x), Me (x)] 


emis Geos 

NX) y DON os a 

dx = OZ ap 1 > M&) =e 
11 9x P1 dy 
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ainn) He 

NU2Z _ y Xx es rs. 

dz a Oz Oz _ => [U2(x) =x 
12 9x P2 Oy 


Then: 
W(x) = [e*, x] 
We multiply the ends of the equation by the complement factor 


1 
je’ (2xy + x*y+ =y° | yr 2x3] dx + [e*(x* + y7),x]dy = 0 


The last equation is a exact, and this siolution obtain as follow: 


x x y y 
1 
| ex (2xy +x*y+ =y°] dx, Jo — 2x3)dx| + | e0(x)* + y*)dy, | xody =a+bl 
Xo Xo Yo Yo 
Now let Xo = 0, Yo = 0, then: 
x 1 x ». A 
{ ex (2xy + x*y +5y°] ax, | ( — 2x3)dx| + | vay, [o dy| =a+bl 
0 0 0 Yo 





2 1 3 x" 1 3 
yx ona en YX — > + ley a, + bh, | = a+ Bl 


1 1 xe 
yx7e* + aye. + BV yx ~atat b,l,|=a+bl 
Example 5.3 Find the general solution for the following equation: 

[5x2 + 2xy + 3y?, x? —y? + 2x]dx + [3x2 + 3xy? + 6y?, x? — y? — 2y|dy = 0 
Which u(x) = [11 (%), Me (x)] 


solution. 


u(x) = [M1 (x), U2(x)] 
Op, OM, 


dinu,(x) dy dx — 2 _ 5 
a oe. OF ae 


+ 
11 9x P1 dy oe ae 
Op, 0q2 


d In po(z “Oy 
me = 1 ny, B = 1=> p(x) =e*” 
y 
Then: 
u(x) = [@ + y)*, e777] 
We multiply the ends of the equation by the complement factor 
[(x + y)* (5x2 + 2xy + 3y%), (x? — y? + 2x)e**Y] dx 
+ [(x + y)?2(3x2 + 3xy? + 6y?), (x* — y* — 2y)e*t¥|dy = 0 


The last equation is a exact, and this solution obtain as follow: 
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x x 
| + y)*(5x? + 2xy + 3y%)dx, [o — y*+2x)er*tVdx 
Xo x0 
y y 
| + y)*(3X97 + 3xpy? + 6y?)dy, | Go’ — y* — 2y)e*t¥dy| =a+ bl 
Yo Yo 


Now let Xo = 0, Yo = 0, then: 


y 
| 6ySdy, | (-y" — 2y)e"dy| =a+bl 
0 


0 








x 
[o + y)*(5x* + 2xy + 3y?)dx, [ — y* + 2x)e*tVdx| + 
0 0 


[x° + 3yx* + (y? + 2xy + 3y?)x3 + By* + y?)x2 + 3xy?, (x? — y*)e*t”] + [y®, -y2e”] =at+ bl 
[(y? + 2xy + 3y2)x? + (By* + y?)x?2 + 3xy? + y®, (x2 — y*)e*t” — y2e¥] =a + bl 


6. Neutrosophic Recati equation. 


In this section we defined the Neutrosophic recati equation based on the thick function and find 
solutions to this equation. 


Defintion 6.1 . We define the Neutrosophic bernoulli equation by a neutrosophic thick function form: 
¥ + [Pi@), P2@)]y* + [a1 2), a2 @)ly + [1 ), OD] = 0... ... (12) 
And takes a particular solution: 
V1 = (h@), ho] 
Example 6.2. Find the general solution for the following neutrosophic ricati equation: 
COSX —1 —x? sinx —2x 
ut | sin cose — sinx cosx’1— = y + os — sinx cosx ial aa re ee as oe 
If a particular solution is: 
y, = [cosx, —x?] 
Solution. We let: 
y = [cosx + 2,,—-x? + 2] 
y = |-sinx + Z,,-2x + Z,| 
We substitute into equation (13): 
COSX 


—sinx + Z,,—-2x +2. | ——__,_—_, Z,7*+2c0SxZ, + COS*X ,Z5* — 2xz, + 4x4 
| 2] 1 — sinx cosx 1-—<x?3 24 : - 


—1 — x? ie eae | sinx —2x | ; 
. J COSX 724) =X Z2 Saas ie Te — 
1 — sinx cosx 1-—x? 1 — sinx cosx 1-—x? 
; 2cos*x —1 COSx 4 Ke 3x? 1 2| — 9 
AA, ee CA: a fe Ya armen ere 9" il Ca 
1 — sinx cosx 1 — sinx cosx 1—<x3 1—-—x3 
Then: 
2cos*x —1 COSX ; 
Z4 SEZ or eZ = 0 


; 1 1 
1 — sinx cosx 1 — sinx cosx 
3x2 1 


—SSSSS=S=— — i 
1-x3°? 1—-x3 : 
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We obtain: 


=1 


= }——————_(q, + b, 1 + sinx)} 
“1 [a ee ee 


= 1 


1 
Z2 = |. (a, =e b5I5 = xo} 


Then the general solution for (13) is: 


=: 


1 —1 
(a, + byl, + sinx)} Re ae |. (a, + bol, - xo} | 


1—x3 


= |cosx + | —__ 
y | 1 — sinx cosx 


7. Conclusion 


In this paper, a new type of neutrosophic integration has been defined by using the thick function, 


Moreover, we studied a bernoulli's differential equation, exact differentiale quation, non-exact 


differentiale quation, Addition to the ricati based on the thick function, and found solutions to this 


equation. Also solutions of other types of neutrosophic differential equations can be found 
depending on the thick function such as lagrange equation, claurout equation, darbowx equation. 
We will work on this in the future. 
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Abstract: In this paper, we will define the definition of neutrosophic complex number, by forms 
cartesian and polar, and some application for it. For sum two neutrosophic complex number, product, 
and division. The main objective is define a power and roots of neutrosophic complex number, Also, 
define a neutrossophic complex functions, And conditions Cauchy-Riemann, In addition, we have 
given the method of denote the harmonic conjugate. 


Keywords: Neutrosophic numbers, neutrosophic complex number, the exponential form of a 
nutrosophic complex number. 


1. Introduction 


The American scientist and philosopher F. Smarandache came to place the neutrosophic logic in 
[5 — 6], and this logic is as a generalization of the fuzzy logic [7], conceived by L. Zadeh in 1965.The 
neutrosophic logic is of grerat in many areas of them, including applications in image processing 
[8 — 9], the field of geographic information systems [10], and possible applications to database 
[11 — 12], Neutrosophic logic. Neutrosophy, Neutrosophic set, Neutrosophic probabilityand alike, 
are recently creations of F. Smarandache, being characterized by having the indeterminacy as 
component of their framework,and a notable feature of neutrosophic logic is that can be considered 
a generaliazation of fuzzy logics, encompassing the classical logic as well [1]. Also. Finally F. 
Smarandache, presented the definition of the standard form of neutrosophic conditions for the 
division of two neutrosophic real numbers to exist, he defined the standard form of neutrosophic 
complex number in year 2011 in [2]. 

Among the recent applications there are: neutrosophic crisp set theory in image processing 
[13][14], neutrosophic sets medical field [15][16][17][18][19], in information geographic systems 
[20] and possible applications to database [21]. Also, neutrosophic triplet group application to 
physics [22]. Morever Several researches have made multiple contributions to neutrosophic 
topological [23][24][25][26][27][28][29], Also More researches have made multiple contributions to 
neutrosophic analysis [30]. This paper aims to study and define the roots of neutrosophic number, 
and a neutrossophic complex functions, conditions Cauchy-Riemann, In addition, and the harmonic 
conjugate. 


2. Preliminaries 


In this paperwe recall some definitions which are useful in this paper. 


Definition 2.1. [1] Neutrosophic Real Number: Suppose that w is a neutrosophic number, then it 
takes the following standard form: w= a+ bI where a,b are real coefficients, and I represent 
indeterminacy, such 0.! = 0 and I" =I for all positive integers n. 
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For example: 
w=1+2],w=3=3+4+0I/ 
Definition 2.2. [1] 
Division of neutrosophic real numbers: 
Suppose that w,,w2 are two neutrosophic number, where 
W, = a,+b)yl,w, =a, 4+ byl 
Then: 
a ae 
Definition 2.3. [2] 


Neutrosophic Complex Number: 


Suppose that z is a neutrosophic complex number, then it takes the following standard form: z 
a+bI+i(c+dI) where a,b,c,d are real coefficients, and I indeterminacy, such i* = —1 then i = 
va. 
We recall a + b/ the real part, then it takes the following standard form Re(z) =a + DI. 
We recall c + dl the imagine part, then it takes the following standard form Im(z) = c + dl. 
For example: 
z=4+4+1+4+i(2+2I) 
Note: we can say that any real number can be considered a nutrosophic number. 
For example: z=3=3+0./+i(00+0./) 
Definition 2.4. [2] 
Conjugate of a neutrosophic complex number: 
Suppose that z is a neutrosophic complex number, where z = a+ bl +i(c+dI). We demote the 
conjugate of a neutrosophic complex number by Z and define it by the following form: 
Z=a+t+bl—-i(c+dl) 

Example 2.5. 

Z=44+/4+i1(24+2/I) =>z=44+1-i24+2I) 
Definition 2.6. [3] 
The absolute value of a neutrosophic complex number: 
Suppose that z=a+bI+i(c+dlI) is a neutrosophic complex number, the absolute value of a 
neutrosophic complex number defined by the following form: 

Iz| = /(a + bI)? + (c +l)? 

Remarks 2.7 [3] 

(1). (Z) = z. 

(2).Z2 +z = 2Re(z) 

(3).z -—Z = 2Im(z) 

(4).2, +22 = % + Z 

(S).24.22 = 2.2) 


(6).z.Z = |z|? 
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3. The polar form of a neutrosophic complex number 


Definition 3.1. [4| 


We defined the exponential form of a neutrosophic complex number as follows: 








7= relGtD 
Where: 
r= |z| =J(at+ bI)2 + (c + dl)? 
x atbl 
cos(@+/J) =-= 
Tr Tr 
c+dl 
ineape—= 
Tr Tr 
Then: 


z=re(@t) = rcos(6+1)+irsin(@t+J) 
Remarks 3.2 [4] 

(1). 2.25 = rei VIHD et @2t2) = raije Creer) 7 L, oh I, =r 

Zz neat 1 i(0;-02+41 

aa Sa == 17 %2 ) " — = 
2). = may = es hh = 
esa 
(4). Z = re HOt) 


Example 3.3. Let: 


oa 2e), ap =e) 
Then: 
pare) ag = etl) 


Z4.Z2 = aol Ft!) oF!) = sellart) 


(2 
zy se(St!) (8 


Z2 oi(Gt!) 


4. The Power of a neutrosophic complex number. 


i(@+1) 


Definition 4.1. Suppose that Z = re is a neutrosophic complex number, the power of a 


neutrosophic complex number defined by the following form: 
gr = (reilO+D)" = rrein(G+) = rrei(Ontn!) 
Then: 


Zz? = pret) — 7" cos(nd + nl) tir” sin(nd + nl) ...... (2) 


Example 4.2. Let z = rel!) find ae Aa 
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Solution. 


27 (1 TU TU 
ef oe Zt Us=+27) __ is : : os 
Pianola tel) gh ) = Icos (5+ 21) + ilsin (> + 21) 
SIU 
z® = [8e (rer) _ Te'@™+8) = J cos(2n + 81) +i I sin(2a + 8/) 


5. The Roots of a neutrosophic complex number. 


Definition 5.1. 


Suppose that Z = pee) 


is a neutrosophic complex number, a a neutrosophic complex number 
w= frelPt) = @+ BI +i(y + 61), and it satisfay relation z = w” is call the root by a neutrosophic 
complex number Zz, we have: 


all 


w= Vz=aZ7 


Then: 
w = |wle“?t) = |z| = |wite'MO*) = relOt) e27k — |w"| =r n(otl) =(6+1) + 2nk 


(0 +1) + 27k oan) 
[= = w, 


= |wl=¥F, = Vz = Yrelor) = ype a 
= wy = Vz = Vrcos(—*) +i Vrsin(); k = 0,1,2, ae . a. ee (3) 


Example 5.2. Let z=e (S) find Vz. 








Solution. 
A 7 — 
WwW, = Vz = 
: +1 + 2nk +1 + 2nk 
= w, = Vz = cos + i sin 
3 3 
at ma 
k =0 > Wo = cos 3 +i sin 


—1 + 2] 2 TE Ee 
= Wo = COS (——) +l sin [pa] 


By using (1) we have: 
—t+2I -nx 1 


a 
6 ae 23 
(+51) +i ; (+ +31) 
=> = — _ — = 
Wo = cos(—— + 3 isin{ +3 
+1420 +14 2n 
k=1>w, = cos ———————= +1 sin 4 — 
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310 310 
> t+! 


3 3 


3m + 21 >» & fs Zl 
= w, = cos ( - ) +i sin( G 


By using (1) we have: 
3n+21 a 1 








= W, = cos 

















=o! 
6 2° 3 
(+51) +i 3 (5 +31) 
—> = —_— _ = = 
W, = COs 5 +3 i sin 5 +3 
+1 +40 +1440 
k =2 > wp, =cos| —————_ ] + i sin} ———- 
3 3 
Beh fe% 
=> WwW, = cos +1 sin 3 








71 + 21 (7 + 21 
= w, = cos ( 6 ) +i sin( 


By using (1) we have: 





(==) _ 7m 1 


6 eo 


(F451) +i (+51) 
—— > = — —_— ——— — 
Wz = cos 6°3 L sin 6+3 


6. A neutrosophic complex Function. 


Definition 6.1 


Letz=(*x+J]) +it+J),w = (u4+I) +i(v + J), Then we call the function: 


w=f@>we=(utDt+iv+D=f(«t+D+igtD) 
Is a neutrosophic complex Function. 


Example 6.2. Let w = f(z) = |z|? find the real part and imagine part. 


Solution. 
Let z=(x+D+i(y+D,w=(u4+D+iwv+D), then: 
2 
w=(utD+ivtD =(V@+D? +040?) 
=>we=(utlI+iv+t)D =x*+y24+(2x4+2y4+1)/ 
=> (ut) =x*4+ y474+(2x4+2y4+1)1,v+D=0+0/ 


Definition 6. 3. Cauchy-Riemann conditions. 
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Cartesian: 


Suppose that w = f(z) isa neutrosophic complex Function, where z = (x +1) +i(y + J), 


w=(u+/)+i(v+1), Cauchy-Riemann conditions by Cartesian defined by the following 


form: 


Qut+lI) dv+l) 
a(x+KD dv+D 4) 
Qv+I) dOut+l” 
aix+D ayt+D 


And derivate for function w = f(z) defined by the following form: 


Ou+lI) owt+l 
ax+H axt+n 


OQu+lI) ow4+l 


or F(Z) = d(y+D) 7 ‘Oy +tD 


f(a) = 


Example 6.4. Let f(z) = z*, prove f(z) = 2z. 


Solution. 


Let z=(x+D+igy+D,w= (ut) +iw+4+D), then: 
(utl)+ivt+) = (x%*-y*+2@-yy4+D+i2e@4+D04+) 
= (ut) = (x* -y*+2-y)I +1) 
=>(v4+I)=2(x«x4+ND0v+) 














Then: 
d(u +I) d(u+I) 

= 7 21 = -—2y-2l 
O(x +1) = ‘O(y+J) y 
MOD a fy, PDs noi 
A(x+I — y "Aytl] — . 


dut+l) dv+tl) 
a(x+1I) A(yt+t) 
dvt+!I)  dutl) 
a(ix+D AvytD 














Cauchy-Riemann conditions is satisfytion. Then we have: 


 —dutt) w+ 


f(z) =9a@nt acen FO =2x+21+i(2y+21)=2(«+ND+iGy+D) =2z 
= f(z) =2z 
Polar: 


Suppose that w = f(z) isa neutrosophic complex Function, where z = re’9t), w = (u+ I) + 
i(v +1) 
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Cauchy-Riemann conditions by Polar defined by the following form: 


Qutl) 1d0v+T) 
(r+) ra@+h (6) 
Qv+I 10+)” 
ar+H roaet+h 


And derivate for function w = f(z) defined by the following form: 


Ou+l <daw4+lh d(v+I) 


f —i(O+ f _1 —i(O+ = 
f(z) =e (0 (eat ae] or f(z) =~e (0 (arn l 


Example 6.5. Let f(z) = 7 prove f(z) = => 
Solution. 
Let z= re'@*) w= (ut 1D +i +J, then: 


1 -i(0+0 


Daly ean 


1 1 
= (ut+/)+iv+I) = ~cos(@ +1)-i  sin(@ + 1) 





=> (u+!) = ~cos( ropes 00800 +1) 
> (v+l)= - a sin(o +1) 

Then: 

“a = -aapaine +1) 

a(v+ 1) 


a@+D) = ir + 1) 
Out!) 10v+1) 
a(r+1) ra(@+hn 

dvt+!I)  10u+!) 

a(r+I) racet+h 





Cauchy-Riemann conditions is satisfytion. Then we have: 








> f(z) = e-itO4D (or +1) OWwt >) 


IED. OGD 
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; 1 1 
(z) = e~HO+D | —_________c9s(@ + J) + i ——————5 sin(0 + 1) 
2 2 
((r +1) -1) ((r +1) -1) 
: 1 . 
= f(z) = — —————, e (9) (cos(6 +1) —isin(@ + /)) 
((r +1) -1) 
—, f(z) = _~__* __g-it04 9-40 
((r +1) -1) 
—, f(z) _ ~—__ + g-2ito4n 
(r+D-1) 
: 1 
= a a —2i(0+1) 
Cs alas ares CE LY 
=—= f(z) = ep ivtn 
r2 4+ 2rI + [2 — 2rI — 2/2 + [2 
; 1 
= ——— —————_———————————— —2i(0+1) 
PO) "= ay oi Oe” 
; : ae 1 1 —1 
— «4 -21(8 47) ee 
= f(z) 2 ae Z 72 e2i(O+) 7 (rei(Ot+D)2 72 
: —1 
= f(z) = =a 


7. A neutrosophic complex Harmonic Function. 
Definition 7. 1. 


Suppose that h = h(x+1,y+I) isa neutrosophic real Function, wesay A(x+I,y+4+I) isa 
a neutrosophic harmonic Function, if satisfy the Laplas equation: 


azh_ 2h 
a(ix+D2 day+D2 | 


Definition 7. 2. A harmonic conjugate Cartesian. 


Suppose that (u+I),(v +I) is a neutrosophic harmonic Functions, we say (v + I) is a harmonic 
conjugate by (u+J),if (u+I),(v +I) are satisfy Cauchy- Riemann conditions. 


Example 7.3. Let f(z) = = 


1- Prove (u+J),(v+J) are aneutrosophic harmonic Functions. 
2- Find the harmonic conjugate (v + J). 
Solution. 


1- Lettz=(*«+ND+iVy+D,w= (ut+D+iw+D, then: 


(utl)+i(vt+]) = (x? -y?4+2xe-yl+D4+i2~%4+D04+) 
= (ut) = (x* -y*+2-y)I +1) 
=>(v4+ND=20%4+Do0+) 
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Then: 
d(u +1) d(ut+I) 
SD] Sy] 
0(x +I) al ‘O(y+1 y 
d(vt+I) d(v +1) 
= ———— = 2 21 
0(x +I) y ‘A(y+ 1) ve 
O2u+I) | d2tut+I) | 
A(xt+1)? “’d(y+I)? 
O2ev+I) | Oat!) _ 
A(xt1)2 —’A(y+ 12 — 
We have: 
O2(ut+ lI O2(ut+] 
(u+D) pao a 


A(xt+D2 daiyt+h? | 
The function (u +I) satisfy Laplac equation, so (u+ I) is a neutrosophic harmonic Functions. 


Similary we have: 


O2(v4+I) da2v4+)D 


O(x+I1*% daiyt+l? Penney ir eette 


The function (v + I) satisfy Laplac equation, so (v + I) is a neutrosophic harmonic Functions. 
2- We have: 


Qut+l) dv+lI) 
a(x+D davt+D 
Qv+I) dut) 
aix+D aythD 


Then (u+I),(v +I) are satisfy Cauchy Riemann conditions, forever (v + I) is a harmonic 
conjugate by (u+ I). 


Example 7.4. Let (u+ I) = 2(x +1) —-2(«+ D(y + I). Finde Find the harmonic conjugate (v + I) 
and write f(z) by z. 


Solution. 


1- We prove the function (u + J) is a neutrosophic harmonic Function. 








Out!) _ O2tu+I) © 
O(x +1) a eS O(ix+12 — 
Out!) _ Od2tu+I) | 
ay+h tO ayer 
Then: 


O2(ut+I!) d2(utT) 
4 = 94 0=0 
O(x+I)*% dawytl)? 
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Then (w+ J) is aneutrosophic harmonic Function. 


2- Weuse the first condition of Cauchy Riemann conditions. Then: 


Out!) Av+I  dav+l) 


IGeD 364 IG@ED”- ot” in Bee (9) 


3- Weintegral (9) for (y + I), we have: 
0(v +1) 
d(yt+I) 

=(v+ND=2+D-(vtl?+Wer+)).... (10) 





d(y+1)= {(e —2y+D)dyv+D+ve4+) 


Where w(x + I) is a constant integral. 


4- Wederivate (10) by (x + I), we have: 


d(v +1) 


0(x +I) =0@ +1 





5- Weuse the second condition of Cauchy Riemann conditions. Then: 


dvt+!I)  dut!l) 


CES) CES) A Ge oa 


By integrating the latter, we obtain: 
| do cpaewiS | Nera ricer 
=>v(x+D=(«+))*+at+bl 
6- we obtain: 
(v+ND=2(y+D-(yvt+D*4+(*«4+D*+a+b!l 


Now: 


f(y =ut+NDt+iv+) 

=> f(z)=2«4+D-2a¢4+Dyvy+)D+i2v+D-Wvt+)*2+@4+)D* +a+4+dI) 

=> f(z) =2(x+N)-2e¢4+D0v4+)D+i204+)D—-ivt)D* +iat+D* +i(at+ bd 
= f(z) =2(«#+Dt+iyt+D) +i(e+D?-GW4+)? + i2@+Dy+D))+iat bd 
= f(z) = 2z+iz*+i(at+Dl). 


Example 7.5. Let (u+I) = e®*D cos(y + I). Finde Find the harmonic conjugate (v+J) and write 
f() byz. 


Solution. 


1- We prove the function (w+ J) is a neutrosophic harmonic Function. 


d(u+1) 
0(x +1) 


02(ut+ 1) 


a(x +2 = e (Xt) cos(y + I) 


=e"Meos(y+ I = 
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Out!) _ 
A(yt+I) 


d2(u+l 
—et) sin(y +1) => —_ = —e?t) cos(y + I) 


Then: 


O2(u+I) d2(ut]) 


Waa? TG ED On cosy + D — el? cos(y +1) = 0 


Then (w+ J) is aneutrosophic harmonic Function. 


2- Weuse the first condition of Cauchy Riemann conditions. Then: 


Out) dOwv+tI davt+l) _ 


GED 6G 9G=D e**) cos(y + I)...... (11) 


3- Weintegral (11) for (y+ I), we have: 


d(v +1) 
d(y+1) 


=> (v+I) =e sin(y +1) + W(x +1)... ... (12) 


d(y+I)= [ (eet cos(y + I)diy +I+wW(x«4+I) 


Where w(x + I) is a constant integral. 


4- We derivate (12) by (x + J), we have: 


d(v +1) 


eg Dt i, 
(x41) e sin(y +1) +wW(x+ J) 


5- We use the second condition of Cauchy Riemann conditions. Then: 


dvt+I) dutl) 
a(ix+D AavytD 


= —e%t) sin(y + 1) — W(x + I) = —e@t sin(y + 1) 
=yp(ixt+D=0 
By integrating the latter, we obtain: 


| do +I)d(x+I) = | Oa + 1) 


(x+1I)=>ywp=a+bD!i 
6- we obtain: 
(vt+D =e sin(y+D+a+t+bli 


Now: 

f(y =ut+D+ivt+ 

= f(z) =e) cos(y + 1) + i(e%* sin(y + 1) +a + BI) 
= f(z) =e) cos(y + 1) + ie®* sin(y + I) + i(a + DI) 
=> f(z) =e) (cos(y + 1) +isin(y +1D)) + i(a + b/d) 
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= f(z) = eMe'O*) + iat DI) 
= f(z) = e@*OHO+D + i(a + bi) 
=> f(z) =e* +i(a+t+Dbl). 


Example 7.6. Let (u+ J) = e%* cos(x + I). Finde Find the harmonic conjugate (v+J) and write 
f(z) by z, and find f(z). 


Solution. 


1- We prove the function (u +J) is a neutrosophic harmonic Function. 


d(u+1) d2(u + I) 

2 eg OD tes 2 og 

a(x 4D e sin(x +/]) => a(x 4D? e cos(x + I) 
d(u+1) d2(u + I) 

= pt) dD = —— = eOtD I 
ay +D e cos(x + I) aty + De e cos(x + I) 
Then: 


O2(ut+!1 O2(ut+!1 
en i" ee = -29") cos(x +1) + €0*) cos(x +) =0 


Then (w+ J) is aneutrosophic harmonic Function. 


2- We use the first condition of Cauchy Riemann conditions. Then: 


Qut+l) Av+I  Av+) | 


IG Gan = ay ED * —e9*D sin(x + 1)......(13) 


3- We integral (13) for (y+ J), we have: 
O0(v +1) 
d(y +1) 

=> (vt I) =e sin(x +1) + W(x +1)... (14) 





d(y+I)= [(-eor sin(x + I))diy +N+wx«4+) 


Where w(x + I) is a constant integral. 


4- We derivate (14) by (x + I), we have: 


— = -e9M) cos(xt+ D+ W¥e4+) 


5- Weuse the second condition of Cauchy Riemann conditions. Then: 
dvt+!I)  dutl) 
a(x+IT) d(ytt) 
=> e9*) cos(x + I) — W(x +1) = et cos(x +1) 
= p(x +1) =0 


By integrating the latter, we obtain: 





| do iy Goh [ae +1 
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6- we obtain: 

(v +1) =-e9') sin(x+NDN+at+bl 


Now: 


f(y =ut+NDt+iv+) 

= f(z) =e cos(x + I) + i(-e%t” sin(x + 1) +a + bI) 
= f(z) = e!*) cos(x +1) — ie* sin(x +1) + i(a + bd) 
= f(z) = et) (cos(x + 1) — ieO* sin(x + 1)) + i(a + BI) 
= f(z) = eFMPe It) + i(a + bd) 

= f(z) = eVtP tt) + i(a + bd) 

=> f@yse OO) 41Gb) 

= f(z)=e4%+i(at+Dbl). 


Now: 


O(u+!I) dwt!) 
aix+ ND. Ox+) 


= f(z) = —e* sin(x + I) — ie%* cos(x + 1) 


f(z) = 


= f(z) = -ie&*? (cos(x tel eek = sin(x at D) 


=> f(z) = —ie?*) (cos(x + 1) — isin(x + 1)) 


—> f(z) — —jeVtD eit) 
—, f(z) — —je(VtD e-it) 
= f(z) — —je-i((t+Dti(vt+D) 
= f(z) =—ie“ 


Example 7.7. Find the value of a, 6 for the function: 


(ut+ D=a(x+D*y+D+ Biyt+ DD? - 3(y+ D2 4+ 2(x«4+ d* 
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is a harmonic function. And finde Find the harmonic conjugate (v+ J) and write f(z) by z, and 


find f(z). 


Solution. 


The function (u+J) is a harmonic function is it satisfay the Laplac equation. 


O2tu+I) O2tut+l) © 
A(xt+1)? Avyt+l2 | 


Now we have: 


O2(ut+/) O2(ut+1) _ 
A(xt+1)?  Awyt+D2 | 
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Fy = 2a +N HD+ AG HD 

a TE = aly + +4 

LD = ae 4D? +280 + — 909 +0" 
a = B= 180 + 


O2(ut+I) dO2(ut+T) 
d(x + I)? - d(y +1)? 


= (2a-18)(v+tI+44+28 =0=0(iyv+/)+0 


= 0 => 2a(y+/)+44+ 28 —18(y +1) =0 


Then, we have: 


Z2a—18=0 
(4426 =0 i a 
Then: 


(ut+ D =944+D*(y+D-204+D* -3(0v+- D2 4+ 2(«4+- 1? 


Now a harmonic conjugate: 





0 I 

Fp = EHD ED+C HD 
O(ut+/) ; ; 
gan —-4y+1)-904+) 


1- We use the first condition of Cauchy Riemann conditions. Then: 


Qut+l) Av+I  dav+) 


I@hD aGtD IGeD Oe tee rr (15) 


2- Weintegral (15) for (y+ I), we have: 
0(v +1) 
d(y+T) 

=>(v4+N)=9y4tl)*e4+D4+404+D074+D4+ ver)... (16) 





d(y+1)= | ase +I(y+D+4e4+D))dvyt+D+vet+) 


Where w(x + I) is a constant integral. 


3- Wederivate (16) by (x + I), we have: 


dvtI) | 


Aaa = tN? +40 FD +O HD 


4- Weuse the second condition of Cauchy Riemann conditions. Then: 


dvt+I) dutl) 
a(x+D AavytD 
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=> 9(x4+ 1? -4y +I) -9y 41)? =-9y + D* -—47 +) -vet) 
=> (xt 1) = -9(x +1)? 


By integrating the latter, we obtain: 
| do + Dd(x +1) = | —9(x+1?%*da+) 


=>yv(x+I)=-3(«+)%+atbl 
5- we obtain: 
vtD=9(iyt+D*044+D4+4¢44+Dyv4+D-3(«+D2+at+ bl 


Now: 


f(y =ut+D+iv+) 

=> f(z) = 9(x + /)27(vt+)D-20 422 -30v+ D2 +2 4+ 102 
+i9(vt+)D*«4+D+4«¢4+D04+)-3@4+)D%2+at+d) 

= f(z) = 9(x + /)27(v+ D-20 4+ 22-30 4+ D2 4+204 D2 +i9GV4+D2*(«4+D4+i4e4Dyv4+) 
—i3(x+1D?+i(at+ bl) 

= f(z) =2(«#4+ D2? -(vtD? +ia@ t+ Diy t+))-3a4+D2 +2374 D3 -79«4+D2?07 4+) 
+ i9(yv+1)*(x +1) +i(at bl) 

= f(z) =2U(«+D+iyt+D) -3i(@+ D3 -—iy +2 + 31a + D2 + DN - 3i(y + N2(x + D) 
+ i(a+ bl) 

= f(z) =2((«+N+iGyt+D) -3i(@+D +i +D) +ilat+b) 

= f(z) = 2z* — 3iz? +i(a + bl) 


Now: 

Out!) dOwtl) 

aa+D Oat) 

= f(z) =18(«# + Nv t+ND4+4e4+D+iOV4+)D? +474) -9«4+1?) 
=> f(z) =18«& + DyvtND+4ae4+D+i9vtl?+i4ey +) —-i9~ +1? 
= f(z) =4((x +) +ity+)D)-i9(@+D?-( +1? + 2i«+DytD) 
= f(z) =4(x+D+ily+D)—-i9(@+D+iy+D) 

= f(z) = 42 - 9iz? 





f= 


8. Conclusion 


In this paper, a new type of complex functions has been defined by using the neutrosophic real 
number and neutrosophic complex number, Moreover, we studied a harmonic function, harmonic 
conjugate, and Cauchy Riemann conditions. Also solutions of other types of neutrosophic complex 
equations can be found depending on the complex numbers. We will work on this in the future. 
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Abstract: This paper is specialized with fuzzy random multi-objective unbalanced transportation 
data problems by using of fuzzy programming technique when the sources and destination 
parameters are fuzzy random variables in inequality type of constraints. In this paper, we focus on 
the solution procedure of the specified transportation data problems where the objective functions 
are minimization type and supplies and demands are replaced by the fuzzy random variables. We 
first convert the fuzzy random multi-objective unbalanced transportation problem into deterministic 
problem by using fuzzy random chance constraints approach. By introducing the concept of linear 
membership function of fuzzy programming, multi-objective deterministic transportation problem 
is converted into single objective deterministic problem and then we solve it and we obtain the 
optimal compromise solution. Lastly a numerical example is provided for illustration the 
methodology. 


Keywords: Fuzzy Programming, Fuzzy Random chance constrained programming, Stochastic 
Transportation Data Problems, Multi-objective Decision Making. 


1. Introduction 


A linear programming problem is said to be probabilistic linear programming (PLP) [23] 
problem if one or more of the parameters is known only by its probability distribution. These 
problems can be solved by one of the following principal approaches: (i) Expected value model 
(EVM), which optimizes expected objective function subject to some expected constraints (see, 
Sengpta [24] ; Liu [18]), (ii) Linear programming under uncertainty which, in some special cases, is 
called two stages programming under uncertainty. The two-stage approach was inutility presented 
Dantizing [10], and (iii) Chance-constrained programming (CCP) developed by Charnce and 
Cooper [7, 8, 9], (CCP) offers a powerful means of modeling stochastic decision systems with the 


assumption that the stochastic constraints will hold at least the 100a )% of time. 


Stancu-Minasian and Wets [25] discussed different stochastic multi objective programming 
problems; the chebyshev's problem, the stochastic goal programming problem, the fractional 
programming problem and the multiple minimum-risk problem. Armstrong and Balintfly [2] studied 
the stochastic linear VOP by using the disjoint chance-constrained approach to solve the problem in 
case of the left hand side parameters are independent random variables normally distributed. Stancu- 
Minasian [26] solved a stochastic linear multi objective programming problem with random 
parameters in the objectives. A general review of stochastic multi objective programming problems 
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could be found in references [16, 23]. The fuzzy mathematical programming can be classified into 
three categories in view of the kinds of uncertainties treated in the method. The fuzzy mathematical 
programming in the first category was initially developed by Bellman and zadeh [3]. Tanaka and 
Asai [24] and Zimmerman [29, 30]. It treats decision making problem under fuzzy goals and 
constraints. The fuzzy goals and constraints represent the flexibility of the target values of objective 
functions and the elasticity of constraints. 

The second category in fuzzy mathematical programming treats ambiguous coefficients of 
objective functions and constraints. Dubois and Prad [11] treated systems of linear equations with 
ambiguous coefficients suggesting the possible application to fuzzy mathematical programming for 
the first time. This kind of programming is called possibilistic programming that has been 
approached by many authors in the literature such as Dubois [11,12, 13], Buckley [6], and others. 

The last type of fuzzy mathematical programming treats ambiguous coefficient as well as vague 
decision maker's For optimization problems with fuzzy random information, we need fuzzy 
random programming to model them. Some fuzzy random linear programming with single objective 
has been discussed by several researchers, see, e.g., Wang and Qiao [28]. They incorporated fuzzy 
random variable coefficients in linear programming, within the "here and now" and the "wait and 
see" philosophies. Luhandjula and Gupta [20] described an approach for solving a linear program 
with fuzzy random. Liu [18,19] presented a new concept of chance of fuzzy random events and then 
constructs a general framework of fuzzy random chance-constrained program (CCP). Abo El-Kheir 
[1] presented a new concept of fuzzy random chance constrained linear programming when fuzzy 
number is symmetric and random variables are normal (by using LR fuzzy number). 

The transportation problem is an earliest application of linear programming problem. Hitchcock 
[15] was first developed the basis concept of transportation problem and later discussed in detailed 
by Koopmans [17]. In 1973, Appa [3] considered variants of the transportation in which all constraints 
involving the supply and demand are of inequality type. However, he has not considered the supply 
and demand constraints are of mixed type. Brigden [5] extended the concept of Appa [3] and 
considered the mixed type constraints. Then the original problem is converted into a related 
transportation problem with equality type of constraints by augmenting the original problem with 
the addition of two sources and two destinations. He obtained the optimal solution of the original 
problem from the optimal solution of transformed transportation problem. Mahaptra, Roy and 
Biswal [21] considered the fuzzy programming technique to stochastic multi-objective unbalanced 
transportation problem when the sources and the destination parameters are random variables. 


1.1 Multi-objective Transportation Problem (MOTP). 


Consider m origin (or supply) O; (i = 1,2,3,...,m) and n destination (or demand) D;(j = 
1,2,3,...,m). The sources may be production facilities and they are characterized by available 


supplies d,,da,,d,,...,d,, The destination may be public destination center and they are characterized 
by demand level D,,b,,0;,....b,. A penalty c,,is transportation cost or time cost, associated from 
origin i to the destination j and the variables Xjj,1 =1,2,3,....m,J=1,2,3,....n are represented 
the unknown quantity goods to be transported from origin O, to destination D Fe 
The single objective transportation problem can be extended to multi- 
Objective transportation problem by considering the k-th (k= 1, 2, 3,...,K) cost coefficients eh 


(k= 1, 2, 3,...,.K) in the objective functions. Then the mathematical model of multi-objective 
transportation problem can be represented as follows: 


_ m n k 
Model: min Z, = ee k= 1, 2, 3,...,K (1) 


i=l j=l 
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Xi = a,,i =1,2,3,...,m (2) 
j=l 
a Sg Hl an (3) 
i=l 
Xi = 0,1 =1,2,3,...,m, ]=1,2,35:.,n (4) 


The balanced transportation problem is defined when the total availability at supply point is 
equal to the total requirement at demand point with an equilibrium condition ( Ds a, = > b,) for 


i=l j=l 
the existence of a feasible solution. 


2. Mathematical Model Involving Fuzzy Random Multi-Objective Transportation Problem 
(FRMOTP). 


Here, we have presented the mathematical model of fuzzy random multi-objective 
transportation problem (FRMOTP) as follows: 


m n 
k 
Mode2: minZ, = >. bg Ci Xj; k= 1, 2, 3,...,K (5) 
i=l j=l 
> xX; = a,(@), i =1,2,3,...,m (6) 
j=l 
D2 SOO) f= 12 Baan (7) 
i=] 
X. 6 HaNZ Sh 6 J HZ (8) 


| 


Where: q | (a) is an m- vector of fuzzy random coefficients, 


b. (a) is an n- vector of fuzzy random coefficients. 
J 


2.1 LR Fuzzy Random Variables. 


b,p a (m,1,7.),p ( see [1 ]) is said to be fuzzy random variables if (m,l,r) are random 


variables, and this is rather convenient representation to model “numbers approximately to random 
variables. 


(i) The fuzzy random vector, b F (o), j=\,...,n in (7) can be represented as follows: 





j=l,....n, 9)b (@)=m, +r p(@)-1b,, (a), 
where 
1 
b. ———— — ee 10 
il) L, (a) J Mt (10) 
1 
=I, , b. = ) 
J n ir(@) R (a) 


The linearity of the expectation leads to 


E ( b (o)) =m, +rbig(a)-Lb, (a), jHl....n 


Jo jb 
Ifm,r, / are independent then from theorem 2(see Abo El-Kheir [1]) we have 
2 2 
V(b,(@)) =Von,)+| RIV) -|LLV@). 


For a symmetric triangular fuzzy number suppose the following 
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(11) L,(x)=1-x, x>O0, j=l,...,n, 
R(x)=1-x, XU J Hla, 
The @ - Level set of L, (x) and Kk, (x) can be written as follows: 
O<a <l. (12) L,(x)=R,(x)=1-x = A, 
For equation (9) (m ply l :) J =1,...,m are independent normal distributions, see Abo El-Kheir 


[1]. 


ii) The fuzzy random vector @; (@ ), i =1,...,mcan be represented as follows: 


i=1,...,m, (13) a,(@) = w, + g,,,(a)— sa, (a), 
where 
; ] 
i=1,...,m, (14) ayla)= 7: 
] 
ol PR / 3 agla)= 2G) 
For a symmetric triangular fuzzy number suppose the following 
x>O0, a) ey 77 L,(x)=1-x, 
x<0, i=1,...,m. R.(x)=1-x, 
The @ - Level set of L, (x) and R. (x) can be written as follows: 
O<a <1. (15) L.(x)=R(x)=1-x =a, 


For equation(13) (w. 04 ;58; J i=l,...,mare independent normal distributions. 
In our study we will focus on this case of fuzzy random vectors b j (a), a. (a) when (m pols L ) and 


(w. 0558; ) are independent and have normal distributions as follows (see Abo El-Kheir [1]): 


@ r,=l,=m, ~N(u,,07), J = iesegn (16) 
; 1 
jJ=l,...,n 17) B(b,())= w+ — uw, -— 4, = L,, 
7=Lean 08)V(b,(0))= 0} +20} +203 =<0?, 
, L fal 2 @l@)- 4) 
= eee NM == Pee NOY 
——_ ts) Jono Jew . 2 4? (0) 
(iil) W.=q, =S, ~ Mv,.77}, Pain. (19) 
i=1,...,m, (20) E(a,(a)) = v., 
ed One 3 21) V(a,())==n7, 


3. The Fuzzy Random Chance Constrained Multi-Objective Transportation Problem (FRMOTP). 


Liu [7]define problem (5-8) as a fuzzy random chance-constrained Multi-objective transportation 
problem (FRMOTP). The fuzzy random chance-constrained MOTP problem (5-8) degenerates to 
stochastic chance-constrained MOTP and it can be written as follows: 
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Mm nN 


k 
Model 3: minZ, = > Ci Xij k= 1, 2, 3,...,K (22) 
i=) gel 
Pr), x, <a,;)21-y,,i=1,2,3,....m (23) 
Pi % <b) 21659 =12 30h (24) 
=! 
X01 S12 seg = M2 Oi (25) 


Where 0 < B, <1.j=1,...,.n, and O<y, <1, i=1,...,m.The above problem is multi-objective 
stochastic transportation problem where a, (i = 1,2,3,...,.m) and b j (j =1,2,3,...,n) are random 


variables with known distributions and . , k= 1, 2, 3,...,K is deterministic cost coefficients for 
i=1,...,mand j =l,...,n 


Probabilistic chance constraints (23-25) can be written as follows: 
Pry, i Sa) pil nnm (26) 


Q27)Pr)) x 2b;)2q;,f=1,2,3,...01 


X, 2 Oi H= 12,3 209Ne] HN 23a (28) 
The Probabilistic chance constraints (26-28) can be | — B, =q, Where l-y,=p, , 


transformed as follows: 


n 


yy Xi Vi 





a a.—V. 
Pr (2+ ———-. < -L—") > pi =1,2,3,...,m (29) 
JV(a,) va; ) 


m 


LH bp 
Pe) ab) 


cet 1D egg = 12 an (31) 


Let (.) denote the cumulative density function of the standard normal variate evaluated at z. then 





)2q4,,J =1,2,3,....n (30) 


the constraints (29-31) can be stated as 


yy 


|- oe Ee “_____) > p,,i=1,2,3,...,m (32) 
oS rr a 26.9 =1,2,3,00n (33) 
301 —O 
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x, > 0,i=1,2,3,....m, j =1,2,3 (34) 


The constraints (32-34) can be stated as 


m 


iat < 2 iH 


i=l 


+ _____) > qj» J =l259865n (35) 
“Fe 5 


n 


2D Xi 7 











G:=V. 7 
M(t <)> 1- p,,i=1,2,3,...,m (36) 
4 ; 7 4 7 7 
at a 
X54 =1,2,3,...5m, j =1,2,3,....7 (37) 
Where: 
a. —V. 
Fi — is standard normal variate with mean zero and unit variance 1 
2 
3 1); 
bi H; 
ri is standard normal variate with mean zero and unit variance 1 
2 
The constraints (35-37) can be stated as 
Xj — V; 
o(——~) < ®(-k, ),i =1,2,3,...,m (38) 
[4 n? | 
3 l 
3 Xi — Hj) 
(39) @ (= 


il__>@(k, ),j =1,2,3,....n 
[4 , 
307 


x, 20 ND Oi 4 P S12 (40) 


Using the cumulative density function of the standard normal varieties the constraints (38-40) can be 
simplified as: 


n 
jel 


ied | 
3 1); 
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m 


Dy xy; 


42) 
(42) - 
3°) 


(43) x, > 0,1 =1,2,3....,m, j =1,2,3,...0 


2 pa he 


The Equivalent Multi-objective Transportation Problem. 
The equivalent deterministic multi-objective transportation problem of model 3 can be written as 


follows: 
m nN 
k 
Model 4: min Z, = CiiXij> k= 1, 2, 3,..,.K (44) 
i=l j=l 
S.t 


4 2 f 
k [— , 30H 12,308: 45) —V, : 
+K, 3 l m (45) >? Xi 
m A , 
2 ee, 5% >0, j =1,2,3,...,0 (46) 
i=] 


x, 2 O01 235s J =12, 555350 (47) 


4. Fuzzy Programming Technique (Solution Procedure). 


To solve the equivalent deterministic multi-objective transportation problem (44-47) we apply fuzzy 
Programming technique on consideration of multi-objective vector minimum problem. 


Let, L_= aspiration level of achievement for objective r, 
U . =highest acceptable level of achievement for objective r, 


d= U.- L,=the degradation allowance for objective r, 


when the aspiration level and the degradation allowance for each objective are specified. 


Algorithm 


Step 1: Pick the first objective function and solve it as a single objective transportation problem 
subject to the constraints (45-47). Continue this process K times for K different objective 
functions. If all the solutions are the same, then one of them 1s the optimal compromise 
solution and stop. Otherwise, go to step 2. 

Step 2: Evaluate the kth objective function at the K optimal solutions (x =1,2,....K ). For each 


objective function, determine its lower and upper bounds (L, and U,, ) according to the 
set of optimal solution Let z,, = L,and U, =max[ Z,, 2, ,%3,s+»Z, ]. For satisfy, 
z. £L r= 1, 2, 3,...,k and constraints (45-47). 


Step 3: Construct the membership function as: 
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] if z.<L, 


—L 
ee a eg ey 
Hi (x)= U, ao 
0 if z.2L, 


if “, (x,)=1; then z, 1s perfectly achieved, 


=0; then z. is nothing achieved, 


if O< yw, (%,)<1; then z, is partially achieved, 


it BS 
U,—L 


Step 4: Using max-min/ min-max operator, we have Max[min(/1,,2,,43,---.2, )], 


Then we have, max A 


A, 2A 
where A=min{ 4, (x,)}, %, .f=1,2,3,....m , 7 =1,2,3,...,n. 
Finally we can obtain the mathematical model through fuzzy programming technique 
as follows: 


Max: JA (48) 
S.t 
m nN k 
+AU, —-L,)—-U, <0, a9) CX; 
i=l j=l 
4 ; a 
tka am <9 (50)-v; )° x, 
3 ‘= 
4 , ie 
i=l 
S20 AHN oeatt sf HZ eh (52) 


5. Numerical Example 


The Defense Communications Agency is responsible for operating and maintaining 
a world-wide communications system. It thinks of costs as being proportional to the 
‘‘message units’’ transmitted in one direction over a particular link in the system. Hence, 
under normal operating conditions it faces the following minimum-cost flow problem: 
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Minz= » be CijXij 
tL Jj 


Subject to: 
Di Xij — Ve Xe = D;,1= 1,2,...,n Flow balance 


O< x; Su; Flow capacities 
Cij = cost per message unit over link (i —7 ). 
bi= message units generated (or received) at station 7 , 
uij = upper bound on number of message units that can be transmitted over link (i — 7 ). 
Li = lower bound on number of message units that can be transmitted over link (i — 7 ). 
Suppose the three production sources and supply to four destination center in which all 
availability and demand (parameters) are fuzzy random with known means and variances 
defined in (3.17-3.18)and (3.20-3.21). The decision maker lays emphasis on criteria such as 
minimization of transportation cost, transportation time or (delivery time) and loss during 
transportation through a given route (i, j) where i= 1, 2,3 & j= 1, 2, 3, 4. Here Z,, Z,, Z; 


represented the total transportation cost with by Rs. Thousand respectively from each 
production sources to each destination center along with availability and demand are 


represented by the matrices in C',C~,C° as mentioned below: 


8 9 7 2 2. Dd Sh 24 7 3 
CHs 6.4: 7.0 SH i4 3-6 Fi. C=]\6 4.8 4 
3.7 7 5 ). 2-19 2 8 2 5 | 


The decision maker is also minimized cost per message from the 1- source to the J- 
destination so as to satisfy all the requirement. 
min Z, =8 X,, +9 Xj, +7 X13 42 X14 X34 +5 X33 +7 X39 +7 X31) +3 Xy44+7 X73 44X +6 x,, +5 


MIN 7, =2.X,, +9 X,,4+8%Xj34+ X14 X34 +2 X33 48 Xz, 42 X3) +5 X,44+7 X73 +6X,, +3 X,, +4 


min Z3=2 X11 +4 X45 +7 X;3+3 Xi, X344+%X33 +5 X37 42X3, +8 X54 +4.X 53 +8 X59 +4 X41 +6 
S.t 


Pr) X,, Sa,)21-7%, 

Pr) Xo, Sa,)21-7%, 

Pr() Na “SG,) 2175, 

Pi” Ky 20) 2 1=f; 
= 

pi” Xs SD 2l=p, 
= 

Pry ke SD JA 7, 
= 

Pi” Xi4 £b,)21-f, 
= 
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My sb=l2oweeM of 123g 


ij 
Let: v,=13, 0, = 3, predetermined confidence level y,=.01 
v, =15, Ny = 2, predetermined confidence level y,=.02 
v,=19, Ny = 7, predetermined confidence level 7,=.03 
H=7, co, =5, predetermined confidence level B= .04 
y=5, Oo; =3, predetermined confidence level f,= .05 
y= 6, o, =2, predetermined confidence level £,= .06 


l= 4, CO; =1, predetermined confidence level £,= .07 


As described in section 3, we can converted into the deterministic multi objective unbalanced 
transportation problem as follows: 


min Z =§8 Xi +9 X44 +7 Xj3 +2 Nia 5 X51 +6 X55 +4.X5347 Xv +3 X34, +7 X45 +7 X3345 X34 
min z, =) Xi +9 X19 +8 X34 Xi4+ 4 X51 +3 X 5 +6 X53+7 Xo4 +5 Xx, 42X45 +8 X33 42X34 


S.t 

> 4; $8.34, 
j=l 

X, <11.65, 
j=l 

iy, 22> 
j=l 

Me 2S 


~ 
II 
_ 


M: 


~ 
II 
— 


X,, 28 


Ka 20.59 


M: 


~ 
II 
— 


Xi4 25.69 


M: 


~ 
II 
— 


x, 20 SZ Ope gf lee, ul 


We have obtained the lower bounds of the above deterministic problem as ( L,,L,,L, ) 
(141.11,115.94,106.34), and for the same problem the upper bounds as (U,,U,,U, ) 


(217.09,217.09,196.89). 
Using problem (3.48-3.51), we formulated the following model 
Max: A 


S.t 
+ AS141.118 X11 49 X15 +7 X4342 X14 45 X51 +6 X55 44X43 47 X54 43 X35, +7 X3y +7 X33 45 X34 


2X4, 49 Xp $8 Xp, +X 14 F4.Xq) $3 Xq5 +6 Xy3 +7 Hog t5 Nyy $2 X qq +8 X34 42%,4 + A<2Z17.09 


2X, 44X15 +7 X4343 X 4 +6 X,, +4 X45 +8 X43 44X44 48 Xz) +2 X39 45X33 4X34 + i< 196.89 
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>» Nee ETD, 
i=] 
> wee S115, 
i=] 
De a 2s, 
i=] 

eo, iio 
j=l 

Key. 120 
j=l 

Ny 225.55 
j=l 

X,4 25.69 


— 


j= 
X, 2 OO HL2onnm: 27H12. 3.00 
The above problem is solved by the LINGO mathematical package for obtaining the optimal 


compromise solution of the deterministic problem. We get A =0 and optimal compromise 
solution* =0 712-0 “3 = 414, %4= 565 *21=0 %2=726 “B= 439 %u=0 “I= 
1151 “32—= 0.74 ~33=0 “34 = 0 the optimal value of each objective functions i.e., 
Die 


are respectively. Also we obtained the non dominated solution for each objective functions 


z, =141.11, Z,=115.99 _z, =106.34 i.e., respectively 


6. Conclusion 


The main objective of this paper is to present a solution procedure for fuzzy random multi- 
objective transportation problem (FRMOTP). The transportation problem is an efficient tool to scope 
with many real life problems of practical importanc. Multi-objective transportation problem involve 
the design, modeling, and planning of many complex resource allocation systems, transportation in 
which demand and supply are fuzzy random in nature. After converting fuzzy random chance 
constraints into equivalent deterministic constraints using fuzzy random chance constraints theorem, 
the fuzzy programming is applied to obtain a compromise solution from the set of non dominated 
solution. Our technique is highly fruitful in the sense of real life problems of practical importance. A 
practical numerical example to provide to demonstrate the feasibility of all decision variables of the 
proposed method. 
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Abstract: In this study, we first present the definitions and characteristics presented in the Magee 
study [10] in relation to the nitro-Soviet soft groups. Then we offer some notes about his study. 
Then, based on Jagman [5], we redefine the concept of the nitro-Soviet soft group and the operations 


of the nitrosovian soft group to make them more effective. 
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E-059.72807 
0.000459245 
0.001358576 
0.000896872 
E-054.8633 
0.00109835 
0.000163505 
0.000322558 
0.00043813 
0.00026184 
0.000391302 
0.000963051 
0.000918046 
0.000537374 
0.000606896 
0.000707733 
0.001177655 


JS I ake d>)o 


0.988740191 
0.997541134 
0.99372791 
0.994747051 
0.996362317 
0.9992945 
0.996371092 
0.998656708 
0.996205932 
0.996018585 
0.998642595 
0.997179889 
0.997190918 
0.99900649 
0.998159997 
0.998825512 
0.999178991 
0.997687655 
0.997405507 
0.996925695 
0.998220312 
0.99850752 
0.999384376 
0.999094749 
0.999216422 
0.999683732 
0.999261561 
0.998155283 
0.998749522 
0.997990694 
0.997900945 
0.99841285 
0.998114783 
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0.001725441 
0.001483266 
0.001842181 
0.001403945 
0.000876341 
0.000298836 


JS devo 
0.020402642 
0.00022402 
0.012158779 
0.011277609 
0.000957602 
0.003986355 
0.006684758 
0.000711088 
0.002719942 
0.002160122 
0.000686892 
0.001609877 
0.001255484 
0.003314585 
0.000840065 
0.000637281 
0.001881462 
0.000918762 
0.001232674 
0.003889579 
0.003785965 
0.002377416 
0.002028454 
0.003794435 
0.00261587 
0.00262077 
0.00098405 
0.001233833 
0.000427768 
0.00038541 
0.0013183 
0.001673542 


0.001384855 
0.000662619 
0.001816153 
0.000746927 

E-053.86185 
0.000102857 


0.998274559 
0.998516734 
0.998157819 
0.998596055 
0.999123659 
0.999701164 
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Call Gla! phew Hlolpy) AS dg Al gull ADgd rare -2 


Asbo! doys 


0.011222455 
0.000190899 
0.011233986 
0.004594681 
E-052.94809 
0.003510839 
0.001470175 
0.000617127 
0.001194023 
0.001434591 
0.000285615 
0.000424146 
E-051.66601 
0.002629738 
0.000624388 
0.000625203 
0.00074875 
0.000843198 
0.000237711 
0.00035633 
0.001895643 
0.001778035 
0.001753866 
0.001369003 
0.002252678 
0.00066253 
0.000512284 
0.001011506 
0.000179547 
0.000176656 


0.000122479 


0.000859449 


JS iI ec d>)o 


0.979597358 
0.99977598 
0.987841221 
0.988722391 
0.999042398 
0.996013645 
0.993315242 
0.999288912 
0.997280058 
0.997839878 
0.999313108 
0.998390123 
0.998744516 
0.996685415 
0.999159935 
0.999362719 
0.998118538 
0.999081238 
0.998767326 
0.996110421 
0.996214035 
0.997622584 
0.997971546 
0.996205565 
0.99738413 
0.99737923 
0.99901595 
0.998766167 
0.999572232 
0.99961459 
0.9986817 
0.998326458 
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0.001816107 
0.00061872 
0.000351979 
0.001483264 
0.00159055 
0.001082864 
0.000578931 


0.000195493 
0.000356578 
0.000346284 
0.000578491 
0.000915206 
E-056.82709 
E-052.40589 


0.998183893 
0.99938128 
0.999648021 
0.998516736 
0.99840945 
0.998917136 
0.999421069 
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ASLor Wl lo! pW 4S 8 quvg rll Slo! Ao gaa -3 


JS d>yo 
O;999997 
0:999997 
O:990999 
0.999995 
0.999998 
0.999996 
0.999996 
a 
0.999996 
0.999998 
0999996 
0.999995 
0.999998 
1 
Or99999¢ 
0:999997 
0.999996 
O;999999 
07999999 
O7990997 
0999995 
07399996 
0999999 
0.999996 
0:999997 
03999999 
0.999996 
07999997 
O739999¢ 
0.999998 
ON SIS IS SINS, 


Aolodl do-ys 

0.082009247 
0.115889838 
0.257084767 
0.621758253 
0.076201426 
0.164156164 
0.617751444 
0.204259438 
0.699820332 
0.505478373 
0.661529417 
0.343890575 
0.237484401 
0.652568428 
0.290533576 
0.410756192 
0.774514091 
0.820145666 
0.652106193 
0.78572329 

0.00616466 

0.432221744 
0.856425275 
0.877296364 
0723990337 

0.870224499 
0.28163822 

0.681259318 
0.321394509 
0.900499579 
0.63711782 


JS I ec d>)o 


2.9828E-06 
2-59925E-0G6 
7.22458E-07 
4.89659E-06 
iF O39TIE-06 
4.12176E-06 
4.12347E-06 
8.8664E-08 
4.25322E-06 
1.83943E-06 
4.25921E-06 
5, 19527E-06 
2.06605E-06 
Sasi Tisys 207/ 
2.43112E-06 
3:09077E-0G6 
4.0847E-06 
6.24611E-07 
1.43181E-06 
2.64381E-06 
S069 E06 
4.25019E-06 
5.25941E-07 
3.70514E-06 
3.03675E-06 
9.84032E-07 
4.01833E-06 
3.04888E-06 
1.82431E-06 
2.30904E-06 
6.35984E-07 
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0999997 
il 
@9995996 
0'999997 
G9999s 
0:999996 
0.999996 


OAS SS 22 
0.505099012 
0.57341191 
0.089990208 
0.693394299 
0.687290871 
0.789586885 


2.82292E-06 
2.5321E-07 
4.17218E-06 
2.74397E-06 
2 LONE TESOG 
3.74497E-06 
3.85668E-06 


JS d>yo 
0.999990449 
0.999991364 
0.999996528 
0:999992703 
0.99999841 
0.999993166 
0.999995432 
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Ja AS! SBE OY go> ple>Y ANS qu 9 Ais! Sgt! Ad gar -4 


daoliod! days 


6.76862E-06 
8.42676E-07 
3.00602E-06 
6.90408E-06 
9.24204E-07 
6.27432E-06 
1.2015E-06 


JS I ec d>)od 


§.55067E-06 
8.63554E-06 
3.47229E-06 
7,29738E-06 
1.59014E-06 
6.83447E-06 
4.56764E-06 


6.01021E-06 
Spt Z095E-07 
1.96437E-06 
8.08465E-07 
4.54836E-07 
2.9692E-06 
3.2335E-06 
5,06735E-06 
55300 9E-06 
8.41418E-06 
6.01763E-06 
4.43956E-06 
2.00068E-06 
6.88974E-07 
5.23788E-06 
1.94518E-06 
1.21248E-05 
4.04463E-06 
2.90401E-06 
6.27348E-06 
6.26875E-06 
7.89844E-07 
2.50562E-06 
LOT 2 53E-06 


1.36314E-06 
5.21726E-08 
1.6064E-06 
196 13 7E07 
2.38718E-07 
1.49704E-06 
2.44776E-06 
3.09863E-06 
5.57467E-07 
i I275i1E-06 
5.09549E-06 
3.69143E-06 
8./2429E-07 
5.05007E-07 
4.41675E-06 
1.61933E-06 
4.93074E-06 
2.61748E-06 
8.24221E-07 
5.64389E-06 
3.8116E-06 
6.40552E-07 
3.53703E-08 
1.85696E-06 


0:99999399 
0.999999688 
0.999998036 
Oe hehehe ici he Pa 
0.999999545 
0'999997031 
0.999996766 
0999994933 
0.999994463 
0.999991586 
0'999993982 

099999556 
07999997999 
OS eee )e sey 
0.999994762 
OIS99993055 
0.999987875 
O'S9999595> 
G:999997096 
OH 99993727 
Or 999937s1 

099999921 
0.999997494 
O99 997 927, 
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ua! aSladl jaw SV go> ale ANG qu Al Sg! 49 ga,20 -5 


2.55084E-06 1.07403E-06 0.999997449 
2.45179E-06 1.00242E-06 0.999997548 
8.12128E-06 7.28013E-06 OP SISIS IS AUS IES, 
2./2996E-06 1.58792E-06 O99 9997 27 
8.3802E-06 2.40136E-06 0.99999162 
3.1691E-06 1.71589E-06 0.999996831 
JS dejo Aokedi days SWI ate doo 
E-051.91925  E-062.68364 0.999980808 
E-052.48487 E-068.10953 0.999975151 
E-061.00491 E-074.16959 0.999998995 
E-064.27268  E-062.63953 0.999995727 
E-052.03821 E-051.46253 0.999979618 
E-051.14333 E-077.58596 0.999988567 
E-051.58727 E-051.55296 0.999984127 
E-051.19978  E-063.75304 0.999988002 
E-065./6964 E-072.93423 0.99999423 
E-051.75578 E-051.56162 0.999982442 
E-071.05778  E-087.69112 0.999999894 
E-066.31956 E-064.93127 0.99999368 
E-051.07479 E-067.55723 0.999989252 
E-066.97259  E-061.09647 0.999993027 
E-063.86463 E-062.52924 0.999996135 
E-065.66547 E-062.3808 0.999994335 
E-063.74972  E-062.07892 0.99999625 
E-063.86632 E-063.71619 0.999996134 
E-062.10478 E-076.74216 0.999997895 
E-051.13533 E-062.45364 0.999988647 
E-066.17332  E-062.64785 0.999993827 
E-066.09518 E-062.80495 0.999993905 
E-062.6023 £&-062.14679 0.999997398 
E-068.32415  E-062.11799 0.999991676 
E-063.63679 E-061.73944 0.999996363 
E-075.10254 E-072.87001 0.99999949 
E-073.76357 E-071.45097 0.999999624 
E-062.62619 E-073.98441 0.999997374 
E-067.74082 E-076.33327 0.999992259 
E-065.44981 E-075.82952 0.99999455 
E-077.28466 E-075.9419 0.999999272 
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E-067229736 
E-071.24589 
E-069.81787 
E-07 5.5198 
E-066.6212 
E-066.4156 
EO615335526 


JS dejo 
E-069.40827 
E-066.76657 
E-062.03095 
E-063.70197 
E-063.87712 
E-065.16243 
E-064.29796 
E-061.10985 
E-063.83603 

E-064.6451 
E-064.11885 
E-062.42347 
E-072.33325 
E-061.88071 
E-063.29234 
E-063.12526 
E-084.21479 
E-064.04896 
E-065./73726 
E-061.33461 
E-063.40508 
E-061.28056 
E-064.04712 

E-061.2211 
E-074.23945 

E-062.9843 
E-064.74055 
E-073.10824 
E-076.38072 
E-072.88346 
E-061.28386 


E-065.71205 
E-089.66849 
E-064.31384 
E-088.96058 
E-062.80686 
E-065.30479 
E-061.25861 


03999992703 
0.999999875 
OSSg95 01S? 
0.999999648 
0:999993379 
0.999993584 
O999598612 
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Syl! CAudl ell ghey AS49909 pri Slow! 9 9x20 -6 


Lolodl days 
0.081595643 
0.872542965 
0.957965187 
0.240681564 

0.58812965 
0.603066597 
0.817902648 
0.907832847 
0.459277585 

0.206840716 
0.606598419 
0.566837025 
0.458398662 
0.737134899 
0.021642474 
0.364123252 
0.845535234 
0.109050085 

0.09590703 
0.146926882 
0.174293442 
0.991957998 
0.261600592 

0.883490079 
0.259355637 
0.104312996 
0.226220789 
0.297662813 
0.133707397 
0.070726333 
0.681388333 


JS ers doyo 
0.999990592 
0.999993233 
0.999997969 
0.999996298 
0.999996123 
0.999994838 
0.999995702 
0.99999889 
0.999996164 
0.999995355 
0.999995881 
0.999997577 
0.999999767 
0.999998119 
0.999996708 
0.999996875 
0.999999958 
0.999995951 
0.999994263 
0.999998665 
0.999996595 
0.999998719 
0.999995953 
0.999998779 
0.999999576 
0.999997016 
0.999995259 
0.999999689 
0.999999362 
0.999999712 
0.999998716 


cpl elas cpl V8 nb o> , dod o> JO ds GAex0, gua! bua) oI Gyro}! j3gh5 leg pnw dla5 po)! SI prio] RES) Sug Au oJ! 


Neutrosophic knowledge, Vol. 1, 2020 70 of 94 
E-076.19429 0.635096147 0.999999381 
E-076.80231 0.476381568 0.99999932 
E-063.78429 0.270553455 0.999996216 
E-062.72295 0.230908485 0.999997277 
E-061.80196 0.837658751 0.999998198 
E-063.34864 0.734244669 0.999996651 
E-073.15575 0.674576687 0.999999684 
Sweogiulg gsi 
wld! : Vol 


Ughled 9 Si prial! GELS 45 qug AUV9U! 8 sleal 1 
lll g Sard! ABE label ye Abareod! Sloly WA SS qug Ad! Slat ce JU ASS quia HI! Olnriol! Adgaia0 clk, 2 
elem! 9 Cuall aSladl yaw SVg0> alecol gs Sg Ad SEE BV 90> alec! 9 Ulead! Glob Vl 9 Cuall Sled! yaw 
BLAU By sldl Cyaudl 
gels 3 Mobil dolly 45Squ9 AG! Slaw prio JU Sprrall 9 olaall eri! co US piss 
Sd> He pide Koy Ge de prio JUSS qug ASI Sg qSSgu9 A! bbs)! 
SI> Ae oppo BS  LSSqug ASI SUL Mow Al bls 
430 Lolea!_ SE Sib Jo ddl OMSL y gee do ALaceod! (wl qed! BLS Slots! 
patie § AdsLull bglas 155 
leek dake 9 sSU aie 9 US! dey Lolenl SE 55 Ug tl SEL yque Aandi Abareall woe! SUS Globe! Oo! doxi 
Jor! OMSL yo oLAW Sb! OY goss! 
dul Aisle 9 USE adc 9 USE des Lola! SE St Cuall Lad! (aw port dou Alera! woul U3 lol! 9 
val ailadl (aw cy BLAU By bd! OVgeod! Slory 
ole 9 USE ate 9 USE dey Lula! SU StS Cuall eile! jaw port dou Aber! woul 43 Glin! .10 
luo gl : Lat 
9 Ablaze ne 9 Alare Lick 9! ddilic CI6 slg Agra! go de 459qu9 ts Sled clot iol! de dul wl oss 1 
oclaS ASS Last 9 yin diy lao 
earl de Sail 3 amluy loo ule S5§oI! algal! 9 BLAU Syl! ld gba yaw YS SSI FlgiS Glalplauho 2 
olaad LUS 9 Glad yo Tad de 5 5§0)! olga! 
val Sas! yaw 9 Sod! OMSL BUF GST Elid BI G4! Luslyo 
29d Go poll Gude BUS 9 Wail SLA! Spe GSD A lls Sql Wl yaw OV 90> ela! bed 9 dus 4 


CoN DU B WwW 


Lgolagiols Tomy lor yr! 
( CAADU! 9 CHAS!) Dloglesd! g GELS acd 3 IESL I BI dete dull gegi 5 
cc oa 
S dusyadl aolyoll Sol 


 dalicve Shai « (woud! US ding) doi! Oli) 1 

BLA ado] Grol pobi leg pio de GubIb GLI LA) SEY Gi pos alld tOlgias 2018 duslyo Og Fly dod .2 
ds yao)! Aryl! Lub U! Aare, rout! 

orgs BLA aol Grol ghd Glog pies Aad ypall Clpriol! @aS jail Slaw! :Olgins 2018 dls dayFly dow 3 
dy pao! doyle! Slow! dees 


cpl elas cpl V8 nb o> , dod o> JO ds GAex0, gua! bua) oI Gyro}! j3gh5 leg pnw dla5 po)! SI prio] RES) Sug Au oJ! 


Neutrosophic knowledge, Vol. 1, 2020 71 of 94 


AWS! aml! :LU6 

1. Haitham ELwahsha , Mona Gamala, A. A. Salama, I.M. El-Henawy, Modeling Neutrosophic Data by Self- 
Organizing Feature Map: MANETs Data Case Study, Procida Computer, IEEE. 2017. 

2. Pinaki Majumdar, Neutrosophic Sets and Its Applications to Decision Making, ch4 in Computational 
Intelligence for Big Data Analysis 2017, M.U.C Womens College, Burdwan, India.DOI10.1007/978-3-319- 
16598-1_4 

3. A.A. Salama, Florentin Smarandache. Neutrosophic crisp probability theory & decision making process, 
Critical Review. Volume XII, 2016, pp 34-48, 2016. 

4. A. A. Salama, Mohamed Eisa and M.M. Abdelmoghny,(2014), Neutrosophic Relations Database, 
International Journal of Information Sciences and intelligent Systems, Vol.(4) No.2,2014 . 

5. A. A. Salama and F. Smarandache,(2013) Filters via Neutrosophic Crisp Sets, Neutrosophic Sets and 
Systems, Vol.1, No. 1, (2013) pp. 34-38. 

6. Smarandach, (2002), "A new branch of philosophy, in multiple valued logic", An International Journal, 8(3): 
297- 384. 

7. F. Smarandach, (2003), "Neutrosophic set a generalization of the intuitionistic fuzzy sets", Proceedings of 
the third conference of the European Society for fuzzy logic and Technolgye, EUSFLAT, Septamper Zittau 
Geamany; Univ. of Applied Sciences at Zittau Goerlit 2, 141-146. 

8. F.Smarandach, INTRODUCTION TONEUTROSOPHIC MEASURE, NEUTROSOPHIC INTEGRAL, AND 
NEUTROSOPHIC PROBABILITY http://fs.gallup.unm.edu/eBooks-otherformats.htm EAN: 
9781599732534(2013). 

9. I. M. Hanafy, A. A. Salama and K. M. Mahfouz, (2012), "Correlation of neutrosophic data" International 
Refereed Journal of Engineering and Science, 1(2): 39-43. 

10. ILM. Hanafy, A.A. Salama and K.M. Mahfouz,," Neutrosophic Classical Events and Its Probability" 
InternationalJournal Computer Applications Research(IJMCAR) Vol.(3),Issue 1,Mar (2013) pp171-178. 

11. L.A. Zadeh, (1965), "Fuzzy sets". Information and Control, 8: 338-353. 

12. A. A. Salama,"Neutrosophic Crisp Points & Neutrosophic Crisp Ideals", Neutrosophic Sets and Systems, 
Vol.1, No. 1, (2013) pp 50-54. 

13. A. A. Salama, Hewayda ElGhawalby, Asmaa.M.Nasr, Retract Neutrosophic Crisp System for Gray Scale 
Image, Asian Journal of Mathematics and Computer Research, ISSN No. : 2395-4205 (Print), 2395-4213 
(Online), Vol.: 24, Issue.: 3, pp104-117,2018. 

14. A. A. Salama, F.Smarandache, Neutrosophic Crisp Set Theory, Educational. Education Publishing 1313 
Chesapeake, Avenue, Columbus, Ohio 43212( 2015). 
https://www.amazon.com/?ie=UTF8&%2A Version%2A=1&%2Aentries%2A=0 

15. A. A. Salama, Mohamed Abdelfattah, H. A. El-Ghareeb, A. M. Manie "Design and Implementation of 
Neutrosophic Data Operations Using Object Oriented Programming” INTERNATIONAL JOURNAL OF 
COMPUTER APPLICATION (IJCA) Issue 4, Volume 5 (sep- oct 2014) , ISSN-2250-1797IMPACT FACTOR: 
2.52, http://vixra.org/abs/1411.0506 

16. A. A. Salama, Mohamed Abdelfattah and Mohamed Eisa, Distances, Hesitancy Degree and Flexible 
Querying via Neutrosophic Sets, International Journal of Computer Applications, Volume 101- No.10, 


(2014)pp0975 — 8887. 


Col plas gpl Bnd tool, ded dari bdo Stare, Gurged! BLA pd Sproll poi Glog pire da G yall Glprioll ea GSgurg Ail ulowdl 






Neutrosophic Knowledge, Vol. 1, 2020 
University of New Mexico 


oe 
SILI BU SLI ao) eS! al seine| 


(Anoirrkas dinl).) 
dods Ged) us Wo>l S9roxol] Call 350 Sq0se (ol) dg0>K0 Gput dorre ently! did 
Culedl agleg GludbyI oud Crellg Bub! shaadi! oud ALSlaaNI Sgrwlo Lely wl Ages Crelly Bub! slam oud 
yr): drole - aglall AdS dolied dnol>-d) Lead! AUS 5 ola)! daol> Lolicd dacl> - dyed! A 


Received: 10 September 2020; Accepted: 28 October 2020; Published: date 


Sait AjLAN Aco) sews! arceiaadg «GLa! alot! 3 45U) Sbgiane Hel ds Sorarl sila) loi! aliseiol ei) tyacebell 
Co SgHl Laid! Soi Le Gurguill BUS dures pybaad Sudo) dole | LSI Lym Jo Ad) SMEL Cyo Guage! BLS lolol sila! 
pg hed] BSE 9 Andgics! Slate ce Gl 3 Yoda slp! dood! LUG ied ally SL! ged Wleg uo) Geo LES JMS 
dobes3! axd99 Sie! 91.) SLi 3 oI BI Gdeeio Heliy leo Guigu! BLS Glolwb 505 GS Cros! By nal gc lo odo SLA!) 

Spee)! Lai8W Aula)! pile U tol tas GU alg)! old! edbell Grrl le poh Addie 


slo I Vo - FST 4:5! oliall 415 - FS ajl! all - FL Gila! Ghia! - Time Series dcosl Quod! » UI! Ob 
Fuzzy Linear Programming )la)l 44e5J! den! — Fuzzy Time Series 45lall 4.ieJ1 Justus! - Membership Function 
.Fuzzy Decision Making ($j) o|)al StS - 


Abstract: Fuzzy Logic is one of the forms of logic used in expert systems (ES) and artificial intelligence 
(AI) applications. It is one of the most important types of artificial intelligence, called ambiguous logic 
or ambiguous. The Fuzzy Logic Theory (FST) and the Fuzzy Logic (FL). Many of the motivations 
prompted scientists to use and develop the logic to be used as a better method of processing data and 


addressing the most complex and ambiguous problems. 
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Series, Fuzzy linear Programming, Fuzzy Decision Making. 

dokis .1 
ja) Lay pla Glo BLS 9d po09 dualle 4odbe ol AS Ugh Lola! SlelLd! eal ye wo! BLS WS eyo 
OS US gic! LAS! G0 gill LadSg oul Soimall Le Landy Whe Buby woudl Lis yard awl Wrauygy Wie bow gio! 
Job! wrod! BLS trig GSS! SIgiDL Alas doguae Lalgrel! dw 955 sig Hlgig SW CI eg! Jlgb byoime d>Mell AS.> ob 
US S19 Addl gl dul) Sab} poled leg po clgw pola pro! Lalo AW AdLSVL dugal Og ell § doodle dls 
Jokes 2015 wlautl 6 3 gotudl oi (BLAU Greg hI! 3,U Lede) 95 ghSUI J! 61 ghSUI 0 Sted! rgud! BUS Lp Wleg wu! 
50 so ghSIl (0 S72 9 pio Sloe! Soll! era) S87 Ugh. Duly Spo! Slr! ler di Grant que gi J] A9LEVb WS 35 
daleie 3 dole 11 yo 35 be) Slot! Ald a8 95 29 Guwrgeut! BLA) dots) SMcol! 355 Ul) Fo pro)! S4gag .122 jlo gh! J! 
Sdiune SLB! JS> 5b) 3 adlugw lao 39d lilo 4 carl dabing 04355 Gublas doa paul Glarink eaug bpall olroel 


Grint dare idly) dud, Xg0cce YdL) Sg0e0 / 3. Sg Meal] Crab Edyo/ aol, , Aodte Bod ws deol /o.) Sila gia 4jLAI daio3! eee! alr seiael 


Neutrosophic knowledge, Vol. 1, 2020 73 of 94 


SSS] JiLirg9 Syball cyo Hotel ud Cpe oul polly Spoimos! dindlias! olse wulj5 Wgad daleio 3 dog) wow! 643 Ol LS 
igual] BUS dyony edad Game Loy isl Syloiive! p13 SEI dees YgSig Gy lLdin 1,4)! SLI by ges Sabj) Gag los clg) Audliol! 
PrN Wha pobi leg pus) Sto! (LSI JMS Gyo Wg Le gill Laid! Goime Le 


dl inn 12 


sgh Glog pea) Jeo! LESS! IF G0 gga Laid! Goiane de gull BLE dion qulaad Gude) dole 3 USI eye 

GBS) uo gill by9 pa) gous le gg SLAY ghd] ASS 9 Aadgicll Shale Cw Gp 3 Yodesd alpoll Lows! AU iad all bia! 

WLI Src! Grr! Me pg Adie! LbsI! ad99 SoS! 1S)! SI 3 BI) Gide toluy loo rq! BLS Sloth 54 

oi! 3 48) Sboime dsl We grand Silas! lod) erseind Bound Spool said duwluS! eilew do} te Gil algll 
Sa BI SESY Aj Arcoj)! esdLud! elisrwl Jarl GEL yo wow! 843 Sli pb Gil gala «GlaaI 


cud! GN 3 


SjLA! 1 BNI SLES jl duro) sud! alist Jo tl SMEG Ge Qwow! 643 GloIvb Sill gaa! J) God! bags 
Ge Wag ggill Laid Goins Ye AiXee diony (gal GboS Gags Gwrgudl SLA pdboll Grell poh Gleg pie Olay JLo 
ASW dnc yall lua! JMS 
Aghleeig Gurgus! LA adel! Spread! ghd leg pros dai ysl Slyris! OLLI dgeall los doko! 1 
So FS GEG go wged! BUS Glas Aoi! Aad! lei 2 
Ja fd] GEG cyo Qurgudl BLS Glaiph GW sav) 3 
esd! Sot> 4 
‘glo! Glau! 
.2015:1976 631 JME Sb! 
1 3Kods! Glad 
PUGS! Sproles daSyoll pe Glotiod GID desl ys land O99 SMI Guages! BLS Gyre pghi leg rio 
La 
uiguall BLS 4m yo Ailacl! poh! bbs le dull poids ew 


dS LSI Slow! 5 


Hao-Tien Liu (2007) dul)> (1 
An improved fuzzy time series forecasting method using trapezoidal fuzzy numbers. :Ol9u dull 

Aad gia)! lial] Labisee 1,8) Woes 895 Ol ySerg Aja! Arcos)! Ladd! eluciol gal uur Ady Goll cil 
dj) lbog dodo)! Adsl cud Gots Aliol alicia! aig .§ dil Ado guar GU! Las Julas J ABLEVL eda! yo alice Slew 
SL 3 Bucluel) 2d! Slot LA) floes 5595 Ol ySey dul Ul ode Ol cody Aja ArojI ad Cll BE ao Gi! 459 
GBybal| io Loled dad gio Bolg Abadi dod 1o5d 5595 (gil Abed! Aja! Avro dll G5! CSL dram I Gilg dolg cl)! al 
dar pyoral g& Lola yo Gigi OS 9 BUSLd AST Glogleo j! I) Wboeal 995 OI Sey Vid Why Avo oda Asal 
(S955 A> fades! Adsyblg, Biol Abed} Aad yo Vs Byoeie dad Lild fate And gia)! Ao! Qed O95 Lj Arie} Aluka Gi Aismree 
dyio} uw DW Guill 489 diylbog do jidel! ddr bol) LUG Mdgi dodall GGL cyo (nic gere aliziwl ei 499 .§iiIl 430 S0b5) 
489 AS) 545 eS Wi Ol YXay dojo)! Ad boil OF LY) diy lao! IW pid dehdiio 
Rosma mohd dom (2009) dul (2 


A Fuzzy Regression Model for the Prediction of Oral Cancer Susceptibility: 0! 5.2 ul) 


Grint dare edly) did, Xg0rce GOL) Xg02c0 / >. ,S9>Meal] Cable Edyo/ ol, , Aodbe Bod rs deol /o.) Sila ge AjLAI daio3! eee! alr seiwel 


Neutrosophic knowledge, Vol. 1, 2020 74 of 94 


gla ei LS ASL) daub! 93 QW prislle GMS4o)! Adina! Glasrial gy AIS! pad gobi Gold! cal 
paiall Stilo Sila yltseil cSled clog dod GU ell pris! Ve | do%Mall ohkis! clhely G! lod! Golal 
1 LS GSles desl sly ei td9 eal Ole bly le dauhig Gli! 
ClinicianselpsS cll clal le deinsg ail Olopw gui co! cdgaill 
Sj) Geiss! de doin 1 QW! Tago 
AS Ayes! SBA! eo dota SWI Tho! 
Gur gl yledvl Cle seis taill gogo 
Skee) 848 pg Gurl os cdg0i9 jl) Auyasd! GSrddl cdgeig Gila jlo! edge Ol Ail 189 
Arps] Glprio! Cl GUS4o Yo! Aout! 


Shapero et al. (2009) dul (3 
The Fuzziness in Regression Models :Olgias dull 
Je lod ZS903 § dima! priollg QW! pric! Gy dowdlg dgine 48 dorq SLSh Ogiold! eld ids 
eld) patel) Cus Aj ABE Gham! GobasS yhbodV) Groles Ciss dotless Wig (LIE pe) Y el Aj dddc Lp 
cA}glee 80000 ote) SSleoll slola .Glodell Lest Caw Sb! Cass of Glaa¥l Yo)All yhisly dina! prially 
A518 Comp) dias! peislly Wl pais! gy SIbI Ob [Syall Gad) pte cliial @5 3s 


Mir Hasan et al. (2010) duly> (4 
Human Disease Diagnosis Using a Fuzzy Expert System: dlgin duly wl 

dibae dulas das dll (dle Gacedd Ol Eye pill Sle) Gare dl CEU Ad le GB ws eld chil i 
oe eda fe La OI Say Aap Golo Garredd Sgliy CSW! A Yo us eld clea Spe)! ye le Goime Chi’ 
Bog) digs) Heled atrind Cue [Guhl GV Ler yo tal 9 chee ALA! ob! plistul Yd) CSoII 3 ded Eye bral 
(Sg g2yally dovall les! Sees 3 gplolll Gu douall Slegles! Jobs 4S quucrig pois Goud! Me eigag .dolai 
ge dale Sag lw de cide! ala Coed Gyg yaad OEY CHG Ad eo old! ode plist! Leal cauylood 
lag) giSH Sol Lp 48ynoIl do AoSlil] Gabi! adg dudye BSL SI cided! ela! 5952 OVI! anor 89 ilo! ends ol 
As ela guy -plaill stein Loe Io Cab ol CSRY! le ddyecIl ls pill cael! plaW ySw9 city! Uc 
A dG! J foliiuel 4dyrod! ocd clad! ais lS .48yroll fe eild ws elles Biola BS dep Aleioadl Qo! pa)! Weed yetseinnel! 
Ade sleie | Lash (yotsioma ySar9 crear! cLbilg clasell cpe Spall 
Nureize & J. Watada (2010) dul (5 


A Fuzzy Regression Approach to a Hierarchical Evaluation Model for Oil Palm Fruit Grading:0! 9. 4.1)! 


dyaolas! Obj) wtedg (el Cu} bye5 days lee jr SY od end TAg0) clo 9 GI los! 5905 elodinl 05 
Bdg> yard 9 daly dilos gs Cue del J! Ove! 3 iol UUwe) eS gu9 |)! SLES 9 ennai (3 bclud MIS9 « poleod! Eu 
rae! La tudss eu re Boga a3) Se ASU dousuo 0) 94a) ei Ol ‘al Jaro! 
M. Mosleh et al. (2010) dul (6 


Evaluation of Fuzzy Regression Models by Fuzzy Neural Network = :Olgie dul)! 
Ajlall loos GSLs alles Codi GU] Gag Ajlal dyes! Giddl Glo seis We Coll Ogio! cil 
WoJsJ! Lull ode Cod LS Aj dyed) GA UIE Vo 455 Cle Gong adestl ne gl Ades! clou 
gla] LUS plisinl AbS epi dred I Ae! yo 


Zeynep Sener (2010) 4uly> (7 
A Fuzzy Regression and Optimization Approach for Setting Target Levels in Software = ‘:Olgiw dulywl 


Quality Function Deployment 


Grist dare edly) did, Sg0rce GOL) M9000 / >. 59 Meal] Cable Cdyo/ ail, , Aodbe Bes! ws deol /o.) Sia gaa jl daio3! ede! alr seiael 


Neutrosophic knowledge, Vol. 1, 2020 75 of 94 


Boge Crud Sigal gubsg : Software quality function deployment (SQFD) Wolul eliciw! 3 48 

dais xin oleulg edleall clo) easig Ghee Brae Curd Wg Sloe! deine SleLioY dleinl Glreyl 

Ey> (SQFD) Caled esl! Gbyie! wud Gila sledd Galul Go,5 dulwl Es Mea dndgis! OLe-LimdI 

(Si laa pdseiol 439 Gila! jlo! cdg0h altciol y5 (SQFD) gdg0i G Bdgzgall Aj! SI oi 

deal Zigei Colul aliciulg GIS dcall Golgsdl cg Acall Golgslg ySigimal SLE Cy ddI! OBI! wow 

(GIB! SSVI BSW Gyo de Grareioll ASI) GDS plidiul ao Avail GolgsW dsl] Sboimall wo dooby 
S.Rajaram and V.Vamitha (2012) duels (8 


A Modified Approach on Fuzzy Time Series Forecasting ‘:Olgi dul)! 

Job ao SIfall amd aja eteeianrg Alot! dud slic! Gy8i Gull de Aja dco! dtl gail dd bb ghi ai 
3 BA! Aadldg plusriuky lire Byrrio dus Ablaie ald! Cdl ly Ge Byreio du AjLAII PLS Logo Gyb yey -dlirs 
§00)) 435 59b3) prstad Ablare dads lB! Gy Coed 9 bUS§o pe GLly CI] loliel Soll WE Gi! Gags Sal 430 Crews 
CT ydoll gil ALaireal! 151 92) ST AVL! Gyball aes ao gulag Tidal! Tdgoil! AWLed (yo Gari G4 pendgi Sic alucin! ai 
a> ps0 lbs ao 
Smita S. et al. (2013) dulho (9 

Fuzzy Expert System (FES) for Medical Diagnosis :dlgi2 duel) wl 

dleil Coda ydayriag elise] ddye09 Slade de tater CU! SUI LB) aire) Led Slot Sila Ghia! OI Ogio dl awl 
(all Ga Sekill 3 jE Bs! oles droal § Gao! pF 48g AdLad! A IMS bl Slee! 3 lands Ajlall bps)! obi gli 
ALjLD) bso)! oles Slidasy «ola! jase dill 3 jal bps! alas Uo ASladioy! SLul Ul QSlaiwl rebel ued Ul) ail aig 
Ol aadbg jl bps! oad all LEV ly cas dead! EAI! gs cL ;LAII Bp sd! i dodaig Shergio «qh! pareail 
leat! 256 eg [yS llsal Ogio! 4 pig: GI! Skea! 9 Lj! dys! oli plusiol Wolb eles! Siwht! poli 
WS less Caiiass ddslud! 


Mohammed A. Al-Sulaiman et al. (2014) 4ul> (10 


Estimation of Total Dissolved Salts of Irrigation Water Using Adaptive Neuro Fuzzy Inference ‘Ole dulywl 
System 

Fgome 15,3 44 (Adaptive Neuro Fuzzy Inferenece Systems; ANFIS) 4&5 4318 dues glitivl deglein auld 93 03 
Ae olgatl iW daudgoll Rules sclgall deluo 3 Gila! Glaicl| doyidall dogbarall prseiuag QUI Go Syl olval A5IUI CSN 
dogs! Slgd GULBY dogbial) Uo! 455)! Go Sugeno si Tiged ateinl GSI ole) A5lU! CS! Foam0 p53 
3 4 SIU CLS Fqame WS fd stata)! Les! jloodI led elise! @ig .IF-Then 9J-13! 461989 Membership functions 
(ye Nhe Ausyd CSE dodo] ANFIS Aoglars cyo Byte! ail OI BSL! Sygbly .diylao ASLAN poli! di JE Yo olue dive 
SyS1 oles Bylo! 3 Acline eS AGI! CMS! Fgame 155 td Yoltsivl YX Sly dpbeddl onal 
R. Osuna-Gomez et al. (2017) dulyo (11 


Different Optimum Notions for Fuzzy Functions and Optimality Conditions associated ‘Oli dulywul 


BelaSg duadl Slslg p1,A)l Gisrial 4ulicd!! erdlac dios IS! ate SV> Gy! ,)1 line We 4; LI! sac! Gubi ai 
45 gio)! Ao! JS cyo SKdval! > dulos 3 yg nd Gig hsS aio) bg nt 


Kai Yao (2017) dul (12 


Conditional Uncertain set and conditional membership Function:0!9. dul)! 
ye duo Aa di g22)! Bld gy 48Mc S99 Puc Cus gg lJ di gaa)! Jl9o9 dbo iJ! oS hol ne le gar! duly es 
Lod Cndl> 3 Lyre lo OS duo isl SASGoI)_ pe Ada) OF OLE aig dbo pid! ASG ye ALAW dig ral! Alog osha! 


Grist dare eudly) dud, gare YSL) M9000 / >. ,.S9Moea)] Cable Cdypo/ ai, dodte Bod ws deol /o.) Sila ge AjLAI Aaco3! eee! alr seiael 


Neutrosophic knowledge, Vol. 1, 2020 76 of 94 
rtd! ys Aldine digas ls {I bAS§hoII pe Alo! Aiall «rare Who ne 1,5 9 Byadg C55 BUShall_ ne ALON! dial! 
oi das 6 
ES) Ceol! jl deco) ess) GW Leer dross! ec Sud! SQN) Coed! LSS Ee bed! SMS pye Lush tl Sols es 
lus gills Tlsly GLAS! 5c 
dio Lo Me Sa! Emo! 6.1 

Lasld We) aip Cue Ania) GIs Alaiye)! AUliial] Glialinell yo de gare ib Time Series dures! fu Su! 3523 


de B Sheol! falgallg Colas! praudig Luly All lowe Auiosl! Aliwlall gh hro9 J] deropll fesdted abby lad igeg cred JUS 
syns BSd Sabo ydyhs Aled! Wai Ql Adesdl § Sally Alalal dined! Ub gaily cAvrojll Ababeall 


Aaj! Mud! Sabor deli! eailaoll 
Stationarity OgSuI 


AS Aries! ALL! C95 gdoweg cAciosl! ALL ull Lod AapSUl 29.8) yo 


1h be Sign Lara Gaol 
Abb) gluse! dae g)! Loyd bs GoLial ob 09 Goi! eo YadLal gl WAU olesil sl yggh pus = 
Ababa geld bs 95 eg Aluka! Gals Ge pe CHa Glacd! Lawgll Jg> CLD depo Ol « 
Invertability ~6d5I 
ead Uy Sig dist! Last) 483 LGKel yo oI! parry dnrol! odes! lord 3 dol gly ula)! endlaall ope wai! Le 
AQIS Agios] ALi Abioad! HgKul Ayols ues Aoi)! Alu frooll edgodl fe wil duols Guleisg dubud) SroLiro 
Autocorrelation Function (ACF) 3!U! blayy! Us 
BK Aco Slgmslg Adlzel! ad! end Ge Pk HU! SLAY Sroles gy Alo 48M (Gh GUI LLY! lo 3,25 
LLY Dl eluseial eng anil ode oy yaai 
duly! Jove Agios! Lalas! bby dro g) aide cdg0s Sto 3 [gio slaty Ai] LS Aantal! OgSue te Gaol Sod 3 ACF SIU! 
Aalisea)! Tiled! Ve 3 42d) bli! Yaa Abed! ob GU! bla! Uo Losi diylaos 
Partial Autocorrelation Function ( PACF) 33! QIU! blayy! io 
Alo Arid « Ao}! Glgrmdllg 3 jo GU! Lua Vl Sroles cyo HS yy Alo ADC Lil J joc! GU! Lua! Uo B05 
Did! 3 Buclusl 3 Gjed! GU! buys! 
Slo] LBlgduc cyo ISWh psdod! Giga! Beles plas! WIS 6 desl Wl oro dpioj!! Abad! Ely Ldx29) eid Td gail 
Ablad! Gly dra SII piel! Grgot! Las! aglatas G5ed) GUI LEO Vlog GU! LL lo yo WS plazinky 
GCSE slg ral go3 dep Adi GUI LUA Vlo Srelee C5613] elas! gSev de Sapa! Kod yay i} tad LS dyiojI 
G gic slang Ail dL SVL Wg cdl! y)Biel pe [ergo CUS dad oye! Uo yo lege gl quired guile gl desl ls GSA 
bli! Gaae didi! ob ACF, PACK ta05 4iylaos HUS9 dil UI ore duro! Aili! abby die) aide 73903 desi 
Aalizoll TSlo!] le 4G 4,121 
iio oil w5lai  — 
Autoregressive Model (AR) QIU! jlaouI 75905 
GIS jlusdl dulas gale glad dasLid! dog le Ql prio)! sloic) doi 
BLS Abed oil elusiol GUI plese cdg) ge sill ySog 


Grint dare endl) dud, Sg0rce YSL) M9000 / 3. 59 oeal] Cable Edyo / ail, , Aodbe Bled es deol /o.) Sila gi AjLAI daio3! eee! alr seiael 


Neutrosophic knowledge, Vol. 1, 2020 77 of 94 


Vt = 01 Verte Vit wo vee oes + Dp Vt-p tO+Et 

Aub) foes Aces! Alu Avast) clolavall + y, 
( gol 45) p «i = 1,2,......,p) > ye GI pluoidl deles : 
COG lide 26 
Col Gabig paral! Golug Lew gior subi arjgill ary Glodic patio : & 

re Sth gouludl TI gow! ALS Sarg 

(B) yr = O+€¢ 

$(B) = (1-61 B- 2B? - ..... -p BP) 
Backward Shift Operator WRU 4>1jS! Jedvo (B) teu> 
Moving Average Model (MA) 45)>2isJ! Glawgies! edg05 
DP Aled oil! elimiwh Syrie! GUawgiell TSlad dole! darvall 

Vi=U+E¢-O1¢1- 02 €t2 - ee - 0g E tq 

dsl] ove duos! iti dads) olislicd! sy; 
duos)! ALulul) glass! Law gl: 1 
JED, 2pereeay] 1 Cae glue Slyall ASjreiall law gall edges alles 26, 
Baise bygras Gludl TS gai! US ySerg .07 Solan Culig pdrall Solan baw gies ards! arjgill ads Glodic prio te | 


yt= pL +0 (B) €t 


9 (B) =1- 6 (B)- 02 (B)?-... ... .. - 0, (B) g 
Backward Shift Operator GU dll Jad (B) 


Labiseos| dS oxic! Claw gioslg Gul NAsSt 5905 


Autoregressive Moving Average Model (ARMA) 
(AW! Jad! Slatin) bod! ell alarih cdgod! Sb 


Vt = 01 Vt-rtQ2 Vert... + Op Vtep tOtE: = - O01 6t1-O2Et2 - ow. - 0g E tq 
AulyAll foes Ayiop!l ALubaald Aladll edit :y, 
4G dS: § 


(= 1,2, ....P scum GUI load! gles 
j= 1,2, 00. 1 Cue Syria! Slaw gio alles : 6 
0° Cob GhSy pdrall Law gies guaball aajgill ans Glamis pate | Et 
b aiceall 8) 44a] 
(B)yt=O (Byer +5 
 (B) = ( 1-1 B-2B2 - ...... bp B® ) 
Q (B) = 1- 6, (B)- 02 (B)2-... ... - 0, (B) g 


Autoregressive Integrated Moving Average (ARIMA) 4doSul dSyoxiel! Glawgislle JIU loos! 75905 

aliceiel Sos Lag eladl olei NI UISY AST gl Bye 39 A) LSI Ses AS Lin dein} sew J] ASL pe Arcos! Ls Mu! ogoeil 
:Ol Ja3 Cu> ARIMA (p,d,q) led Lavy 4boSall AS rial! Slaw giollg GUI soa! gales Yaar 
GI! lass Ales 45): p 


Gris dare endl) did, Xg0rc0 YSL) M9000 / 3. 59 Moeal] Cable Cdyo/ ail, , Aodbe Bes ws deol /o.) Sila gaa 45LAI daio3! eee! alr seiael 


Neutrosophic knowledge, Vol. 1, 2020 78 of 94 


desig) 3 gSudl Gude) Aaj SU! Bg,AIl sue : 

AS io) law gies! diulas 45) -q 

re. LS ALolSU! AS ries! Slaw gioSly GI jlassy! TI ge ell rads 
Wi=O1WteitQO2Weat..t+QOpWeptEt-91Et1- 02 €t2-...- 8g Etgtd 
6 paiseas| 8) qa! 

- 7 Op) Qa -O= (1-6 

Wt=V‘%y; 

(89 585! rive in 1 V 

Une s]| 39 a5 a3)id 


Box-Jenkins toxgin - 


Lolrsuelg [Laci Glas! AST cred 89 dures! eM! lead 3 dolgil dSlLaa ISLS! Go BoxJenkins Ggbul_ pin 
1h Lad oad Blpos (yo ly be) 
gay las Atoll uadLeall led Joyo ASU duulio gle Jaa 
Agibgad 
4B39 B15 Le Sgeardl 9 yaa) Sebi SARMA cabs dc oad # 
Adie) Glralils ergo! Sled duvlic dai lias bod = 
Mee Sg ge O55 ic Ry * 
Belo bol Jolo arom Said de Srl! LbbeHNl ajo! Gyo Wall dogs & 
“dy Lad Yule Gly aif 9) 
Ano! Adu! olialine (yo pS ste 3959 )9 n> yoyidi m 
Les Gad Ale Bylgog dn5 Clad» 
(db yd Box-Jenkins Gglul elixiwl dro! faded! plod duit cigars! frais 
Model Identification Z5goU! As Stl depo = 
Model Estimation 7590! _»485 dl>yo ® 
Model Checking Z590u! jaxd Uso § 
Forecasting §dUl dio. = 
Model-Identification ¢3901! Ac 9,2 
929 -qudy GOLAII He Tels Wg cA Ul oes Anda! Ali! Giby aye9) ide Th 90h LES! AL yo! ode 3 ping 
Time- 4ucoj)! ALi gop) goeroll euny SUE Cpe Aeros! Lili! OgSiw beg pir yo Vol Bae) Coe SWhy ALi! ygSu 
Ao3SI LuLu! gS go Gao GUI LIS Vhs yards cll Breall Gailassl Ac pail Series Plot 
Sj) IMI UD Vlog GUI Law Ilo yo PS WISE Bl EAI! Req HW Sgsells 


ag Heit i sl 


ARMA (p,q) ually Lan i OAs ual Cpe bea OAs 





Model-Estimation 7590U! 3435 
ZogeUb doles! Tigo! Glales tsi U>yoll ogy @iy ARIMA Zdles dc gare ow Cpe aida! edge! Yo Bai! Ley 
pias Bb sgl 9 » Tae) | 
Maximum Likelihood Method lacy! o&syI 4b « 


Grint dare edly) did, gare GOL) Mg0200 / 3. ,.S9>oeal] Cable Epo / ai, , Aodte Bled ws deol /o.) Sila iW jl Aaio3)! eee! alr seiael 


Neutrosophic knowledge, Vol. 1, 2020 79 of 94 


Least Squares Method (> all Gla ssl dab = 
ess ey SacI] Gh tde Las! fo Woiad il LS Riots el bed! jailassls QUggud Sprrall Slo poJl dary euriudy 
Say Le 81 elas! Gloye Soar 


Model — Checking 7590! ja>d 

Syl bye Ahad iy diosdle ate Mle 39 Sal 3 colds! Soy Go ptdoll TA gail! dosdle So LIS! Abeyoll og iy 
eulaiud go> bo pill yo de game Tigaill jliay Ol amg « TAg0) Ces! le rar) olusly opts Bolely 31 Gdgei sods 
1b Loyd hod has Ol 


PSST I9 O gS! bg 2 Ge Gaol * 

Jddell Tigo! Gloles drginec Las! ™ 

.Parsimonious Clolea! yo Wud se Us Soire Tdg0Ul Ol yo Gaol # 

Pagal Ales! Gg! Aslgse Gyo Gao! « 

TAG gGI! ES! dls s 

Redundant 49,2 nt lales Ne Sgice Y Tigeill Ol yo Gao! » 

Forecasting §wI 

PL 501 oi gadg Arcos] Abulul bod Yale Gyo S455! Alay! L@ Box-Jenkins Gglul plier! rc Sil Aleye tai 
Sued co SIgd! BIg)! 9 5405 ALuLul) Adz all 
7 e be J! 500! dyad iSterg «Aros! JusdLud| 

Point Forecast :4aéiu gil = 

Js QHlg Difference-Equation 49,)l Usles 2 ARIMA Glos Ye dads Opal We Uguard doce yb 4S) piri 

velvslve <-n] 
Y th = iY teh-a t+ Q pV tehp + Ster- O1 teh - .. - +Og Eteh-g + O 


Forecast Origin JoW gu! dba it tye 


Forecast Lead Time eloSU §ii! 845 = h 
Interval Forecast 73a gui = 
S159 (1-01) % Lay 485 oguion (gic pay $45 OLAS cLasl ASI! ode Ug> SWI pte ol LiSa Abdi 5A)! Ye Ug acd)! say 
velvslve.<-n] 
Y nth = Vn (h) + Z ay2 SE(E ¢(h)) 


hi) Syrcd! Less! : SE 


S| BS 9> 
Bie! dogleod! wld gle Ugrard! gobid! Olga! aoe Gotad apbeind y ner dll Bralincs! dod le Sgr! apre0 
‘CaS! Curg lu! a>! eliciwh bode! Olgddl be Sgacdl adeinds — y ny1 dlr desl! doi)! ddyparo (yo doll 
5 MI Bl! elusial 5 Togo! alleo Asi Sole] (3 Bde! Bislire| dod plicinl # 

. Sequential Updating Forecasting §40U sll Cyiedh Cglud| Ida (ousg Bde Ig le Uqiass 3 ke! Jeo gil 
dole! O99 y nar Spe! BA BLdrod! dod plisiil Bde 1g se Jgrand oly ARS 1 SAAS! Cpe Su nt1 Sal elisin| 
Ler (yo Lalise 54d)! de gard! 9 Jal Glu Adaptive Forecasting GgloSI lia uy Tigi! Jleo pai dale! 

ba Lino re Jas 8 ey do S 3 dosMoS| (Sdn andy TA gol Slee Aas bale} 


Grint dare andl) dud, Mg0rce GOL) M9000 / >. 59 Meal] Cable Cdyo/ aol, , dodbe Bes! ws deol /o.) Sila gaa AjLAI Aaio3! eee! alr seiael 


° 


Neutrosophic knowledge, Vol. 1, 2020 80 of 94 


Spars oi lla ARIMA Giles Go GY Ads! olga Cytoey Hod GW! Gol ud) Lol chal 3 Gdgeill alse! eb Bude 
Ad Las! GELS! arom pliciod dell O99 pti! 9 SIA! yo h oad gale 


yj LI! oS) ew! 3 GW! Croenod! 6.2 
Fuzzy Time Series jai! 4.0! Quod 
(1) Lays 
Arilu)| dc gare! (yo bIS§0 no ASz> de gomS A jal de gorroS] S23 
X. A= { (x.pla(x) ) | xeEX } 
.Ma(X) Ly aatl ls JMS cy aS PAS enti erg 
(2) arya 
Y(t) {t = 0,1,2,3,.....}, a subset of R, universe of discourse 
f (t) (i = 1,2,3.,.....) 
F(t) collection of f; (t) Then F(t) Fuzzy time series on Y(t). 
(Ol HAY ryan Gyag 
oP GUlF(t) 
ALj19 le games Aine ed Sgt! prio Lye «Sga) prio pind F(t) = 


F(t) gal Sil a (fi (t) (i= 1,2,3,..))  - 
Uj) Sle goree)! Alawl a2 ( fi (t), 1 = 12,3)... peed ip Gym 


LL aro Jus! aliceiwk gil 
Av: JS ( maximum Dmax and the minimum Dyin ) se! -1 


U=[D min -— D1, D max +D2 | 


i= 1to 7 « Ui peed ” 
V1 = [di,d2] , V2 = [d2,d3] ,....., Vm = [dm, Ims2] -3 
Ai = [do, di, da, d3] 
A2= (di, da, ds, da] 
Am-1= [d m-2, d m1, dm, d ms2] 
A= (0 mety Ging mead ava |: 
Aj S51) sta (035 Gild vj God! Els dL! Sble ol Ue § -4 
ASL Adlaiall OLLI 5 
ty Asta Adlatall GBM! 48,3 iG 
BS Aaya NKepenc he Ae 
ASN sw! olga) JMS yo sted Fy, t Col 9 dadgiol! dott =] 


Jord! SEG Cyo Ayarecd! urge! BUS loll 
Sores) SEG cyo ALaread! urges! BLS lol AL Sig! aragi ais Lb ley 


Ja As! ODEE cy0 ALyareod! wg! SUS Glaly) AHL! Sg! (1) 63) QW JL! edss 


Grint dare andl) dud, Mg0rce GOL) M9000 / >. 59 Meal] Cable Cdyo/ aol, , dodbe Bes! ws deol /o.) Sila gaa AjLAI Aaio3! eee! alr seiael 


Neutrosophic knowledge, Vol. 1, 2020 81 of 94 


Jo fall ONL Cpe Calal_ yOU 4a La Il gall 


39 37 35 33 31 29 27 2523 2119171513119 7 5 3 1 





(1) @3) re 
Jo rJl SEL Cpe dharred! Uwgeadl bu lob dsj La)! lg! 


Slat Gt ES Cenoll 6.3 


Jord! BBG yo Gurgudl BUS Sloth sila! 5d 
Jo Ks] SIBG Cpe Gurqut! BLS Slap Lg Lire eel (2) 03) JWI atl Rdg 


Observed 
Fit 
UCL 
LCL 


Forecast 


FY1—Model_1 


7 1013 1619 22 25 28 31 34 37 40 43 46 49 


Date 





(2) 03) Ss 
Jo tS! SMEG Gyo (gu! LS Gla (ye Laiell end! eb 92 [Se 


Spr pos Oleg cue Lola! 36 55 Jo tl OBL pore ded Aare wou! S43 Slalp! OF YL! Go AL LSs 
Uwgual 649 loll OR> Ac dl 3 ba ab! Gyro! gs leg pro dink SAI gl EUON-Y| Tua 9 “nrg bla) ab! 


Zyl shais'y| es (9 


Grint dare audlys) dud, gare YSL) dg0rc0 / 3. 69 eal] Cable Edypo/ al, , Aodte Blot es deol /o.) Sia aU 4jLAI daio3)! eee! alr seiael 


Neutrosophic knowledge, Vol. 1, 2020 
(1) pS) Ugd= 
Jo fd] BBG Cpe wg! 64S Glo le Laiell anal! 
445,43)! aa Go! soul Ae toll dis 
0421926061 0298533284 053622590710 2018 
0430515378 0291544228 056249747222 2019 
0439104695 0286049620 058666516259 2020 
0447694013 0281687431 060933840571 2021 
0456283330 0278221780 063087922945 2022 
0464872647 0275488823 065152351502 2023 
0473461965 0273369268 067143510606 2024 
0482051282 0298533284 069073329613 2025 
0421926061 0291544228 053622590710 2026 
0430515378 0286049620 056249747222 2027 


82 of 94 


: golds 


gio GHW Bie Yc dul UI dul 


hides ol prio! SbLI gad! Sl9s 048 slew! 
wguall UA) ero)! Gyr! poi leg nue Loon! ISU St So dl OBL yore de Alara Gwows! BUS Sloly! 
agi Eye dulaginy! isl bab) 3 Abierell 
Bobjg SLA pohi leg piso (yo jal] Grudod G ylpaiu lg Sg rd! GMEU yo dard! Gl axe Gy dob 48dc 
Ags lacie| (g28U 
Jord] SEU pyo BLAU Spl] OVg0>3! deb Lobe! [36 Ja tl SEE yore dad Alara! uogad! BUS Slot) StS 
AN 90> alee! Bobj9 Ja Ad! SMEG yo Alara! Gal! am Cy dopb dddlc tegig 
ges! BLS Slalph God Gill Tigo! 3 los! Solace digine 
THAI 9 ygraas! AISI Soprell Sapo 14a Byrleve diel Gar loo phil yo opal Gebad wo! LA) adel GrroSl 4b 
298) Lai! 05 Keg Qusgual! BLS lola! ome He Ww 3 BLAU pdb)! Gprall pahi Gleg poo dual GUI pg tll dros 
lye gl 
AiSleie pe 9] Albleie slow duchy gl duilio Cum Agvaad! Slow! Of 4o)4) jl Gb qnioll le duh wl cia 
bslaS La AST ylasls yw diylaolly 
ddr yal gl duylagiaS! 45Ual! Bab3) slow wow! SLA pda! Syrall pale Adina leg piral! dish ts olozo5! Sob} 
BLD! lola! de glu SU go US Alin La) La gi SLAW 


UG al fe Sail de 555! olgalla rqudl SLA Sal] Ill UgbuSI yd cy G55 E1955 BL lola! dulyo 
Agopbaad de Yost! o5 Yyeg BLAU AJloa Sl Slay Vl be B5§o! Clolgall eal de Spat! | ealug loo Jolgall 


J 9 eS! SBE BUS SSN F155 GL Glolpb gaalg Gg! BUS Glo) Jere 3 Lal plate 


WE (rgd! BUS Syed ySos VAI lll ghu yaw GI g0> ales! pled dulo god dls alc dogs dual 
Ugsladunl Gam) ley SLAW prMoll Syradl poled ye tojall Guboed IV g0> oS [glidisl cy 

Ag) ygaatl a gery BUS Bab) aye Guay BLA pad II GV g0o8d! plese! ulead JMS Gyo BLA! Gola! eyloas 

pre 15) he Yo (S08 Ze Gq! BLA pred! Great! pole Oleg pio Bylot 3 8) Ghee duos 9055 
Aah! dab) GWhy ArSld! Ao dell Spotl cpo (Sav 


1 
2 


2-6 


1 


Grint dare andl) dud, Mg0rce GOL) M9000 / >. 59 Meal] Cable Cdyo/ aol, , dodbe Bes! ws deol /o.) Sila gaa AjLAI Aaio3! eee! alr seiael 


Neutrosophic knowledge, Vol. 1, 2020 83 of 94 


SS oe 


10. 
11. 
12. 
13} 
14. 
15. 
16. 
17. 


18. 
19. 


20. 


21. 
22, 


23. 


24. 


20: 


26. 


Dds 


28. 


29. 
30. 


el poll 


Alessendro G. Di Nuovo et. al (2006). "Fuzzy Decision Making in Embedded System Design". 
Universita degli studi di Catania, Italy. 

Ali Reza Afshari, et al., (2014). "Applications of Fuzzy Decision Making For Personnel Selection 
Problem-A Review" 

Andrzej Bargiela, et al., (2007)."Multiple regression with fuzzy data" 

Baoding Liu, (2012). "Membership Functions and Operational law of uncertain sets" 

Bellman, R. E. and Zadeh, L. A. "Decision-Making in A Fuzzy Environment" 

Bojadziev, G. & Bojadziev, M. (2007). "Fuzzy Logic for Business Finance and Management", 2nd 
Edition, World Scientific Publishing Co. pte. Ltd. 

Buckley, j. J. and Eslami, E. (2002). "An Introduction to Fuzzy Logic and Fuzzy Sets". Physica- 
Verlag Heidelberg, Germany. 

Chen-Tung Chen. (2000) "Extensions of the TOPSIS for group decision-making under fuzzy 
environment" 

Dom, R. M. (2009). Ph.D. "A Fuzzy Regression Model for the Prediction of Oral Cancer 
Susceptibility". University of Malaya, Kuala Lumpur. 

Dubois, D., Prade, H. and Yager, R. R., (1993). "Readings in fuzzy sets for intelligent 
systems". San Mateo, CA. , Morgan Kaufmann. 

E. Pasha et al., (2007)."Fuzzy Linear Regression Models with Fuzzy Entropy", Applied Mathematical 
Sciences, Vol. I,no. 35, 

Eero Lehtonen, (2015). "A Study on Decision Making Using Fuzzy Decision tree". 

Ekel p. YA, (2002). "Fuzzy Sets and Models of Decision Making" 

Feng, H. (2006). Ph.D. "Bayesian and non-Bayesian contributions to fuzzy regression analysis". York 
University, Canada. 

Ganesh, M. (2009). "Introduction to Fuzzy Sets and Fuzzy Logic Prentice-Hall", India. 

George J. Klir and Bo Yuan (1995). "Fuzzy Sets and Fuzzy Logic Theory and Applications", 
Gladysz, B. & Kuchta, D. (2009). "Least Squares Method for L-R Fuzzy Variables". WILF, LNAI 
5571, Verlag Berlin Heidelberg. 

Gujarati, D., "Basic Econometrics", (1995). McGraw Hill, New York. 

Hao-Tien Liu (2007). "An improved fuzzy time series forecasting method using trapezoidal fuzzy 
numbers". 

Hsien-Chung, (2003). "Linear Regression Analysis for Fuzzy Input and Output Data Using the 
Extension Principle" 

Kai Yao. (2017). "Conditional Uncertain set and conditional membership Function" 

Kandel, A., (1986). "Fuzzy Mathematics Techniques with Applications", Addison -Wesley 
Publishing Company, England. 

Makridakis, S., Wheelwright, S.C. (1983). "Forecasting Methods and Applications", john wily& sons 
Inc, Canada. 

Ming-Tao Chou (2017). "An Improved Fuzzy Time Series Theory with Applications in The Shanghai 
containerized Freight index 

Mohammed A. Al-Sulaiman et al. (2014). "Estimation Of Total Dissolved Salts of Irrigation Water 
Using Adaptive Neuro Fuzzy Inference System" 

Mosleha, M., Otadi, M. & Abbasbandyb, S. (2010). "Evaluation of fuzzy regression models by fuzzy 
neural network". Software Qual J. 

Muhammad Ammar Bin shafi, (2015). "Application of Fuzzy Linear Regression Models for 
predicting tumor size of colorectal cancer in Malaysia's Hospital”. 

Nureize A. and Watada, J., (2010). "A Fuzzy Regression Approach to A Hierarchical Evaluation 
Model For Oil Palm Fruit Grading" , Springer Science, Business Media, LLc. 

P. YA. Ekel (2002). "Fuzzy Sets and Models of Decision Making". 

Pal N.R. and Bezdek J. C. (1995). "On cluster validity for the fuzzy c-means model" .[EEE Trans. 
on Fuzzy Systems. 


Grint dare andl) dud, Mg0rce GOL) M9000 / >. 59 Meal] Cable Cdyo/ aol, , dodbe Bes! ws deol /o.) Sila gaa AjLAI Aaio3! eee! alr seiael 


Neutrosophic knowledge, Vol. 1, 2020 84 of 94 


31. 


D2: 


33. 


34. 
35. 
36. 
37. 


38. 
39, 


40. 
4]. 


42. 
43. 
4A. 


4S. 
46. 


Pedrycz, W. and Gomide, F., (1998)."An introduction to fuzzy sets: analysis and design. 
Massachusetts Institute of Technology press", Cambridge, MA, U.S.A. 

Pindyck, R.S., & Rubinfeld, D.L. (1981). "Econometric Models and Economic Forecasts", McGraw- 
Hill inc. 

R. Osuna-Gomez et al. (2017). "Different Optimum Notions for Fuzzy Functions and Optimality 
Conditions associated" 

Rajaram S. & Vamitha V., (2012). "" A Modified Approach on Fuzzy Time Series Forecasting" 
Rules of Navigation (1992), Suez Canal Authority , 

S.Rajaram and V.Vamitha (2012). "A Modified Approach on Fuzzy Time Series Forecasting". 
Sener, Z. & Karsak, E. E. (2010). "A fuzzy regression and optimization approach for setting target 
levels in software quality function deployment". 

Shapiro, A. F., Berry-Stdlzle, T.R. & Koissi, M. C. (2009). "The Fuzziness". 

Souhir Charfeddine, et al., (2014). "Fuzzy linear regression: application to the estimation of air 
transport demand". 

Taha, Hamdy A. (1997). "Operations Research", Prentice — Hall, inc. 

Thompson, M.L, (1978). "Selection of Variables in Multiple Regression", partl.A Review and 
Evaluation, international Statistical Review, Longmont. Group Limited, Printed in Britain, No46. 
Transport demand". (2014). 

Van-Nam Huynh et al. (2007). "Decision Making under Uncertainty with Fuzzy targets" 

Wagener, H., (1982). "Principles of Operations Research prentice Hall inc., London. 

Yager, R., S, Ovchinnikov, R. Tong, and H. Nguyen, (1987). "Fuzzy sets and application", selected 
papers by L.A. Zadeh, New York: John Wiley and Sons. 

Zadeh, L. A. (1965). Fuzzy Sets Theory, Information and Control. 

Zimmermann, H. J. (1991). "Fuzzy Set Theory and its Applications", Allied Publishers, New Delhi. 


Grint dare andl) dud, Mg0rce GOL) M9000 / >. 59 Meal] Cable Cdyo/ aol, , dodbe Bes! ws deol /o.) Sila gaa AjLAI Aaio3! eee! alr seiael 








Ne1U hu gessvo) ©) al Com Gated (ale ;2Xoim ON 1.9 Micmre]amrclorcKel=laql com (elllaar-ipm ele eliciarsleme[Or-lancia\me)aliiarcm-lare 
(ol alm f=] oX=] puna at-) em al lou olet-1a mel aat-1¢-10 me) amelUl eli valiar-mlam-limel(=)aldiicom-|arem |in=le-]a’M@il=) (kee or] ela) 6S 
mUlo)iialcvomlaw-\e-le)(om-]alom falsalciae 

ISSN (print): 2767-0619, ISSN (online): 2767-0627 

Malem eY-] el=) acucalel0i (om olom e)ae)ictiie)al-] pal am-xelelem atalsdliam-lalem-Ve-] e)lommerolale-lialiatca-m elas) maci alan 
of a problem and obtained results. All submissions should be designed in MS Word 
format using our template file: 

http://fs.unm.edu/NK/ 

To submit a paper, mail the file to the Editor-in-Chief. To order printed issues, contact 
dal=m =e |] Xe) egal al(-1emm Malic (ol0] a at-]m (om ale) a bree) an} aal=)qelr-] pur-(er-(el=) gal(om=lelid(e)ammimicm o)alalcclemigelan 
private donations. The fal1ehageste) eal (as website at UNM iS: 


http://fs.unm.edu/neutrosophy.htm 
iM al=malolanom oy-}:X-me) im dalom [010] gal-] Mcw- (a o1~10 0) a 


http://fs.unm.edu/NK/ 


Editors in Chief 
Prof. Dr. A. A. Salama >) co) mm D) mm al fola-alelameypatelaclaler-leal= 
Department of Mathematics and Computer Department of Mathematics and Science 


Science, Faculty of Science, University of New Mexico 
705 Gurley Avenue 
Gallup, NM 87301, USA 


E-mail: smarans@unm.edu 


olamey-l (om Olali-ayiay 
Port Fouad, Port Said 42526, Egypt 


E-mail: ahmed_salama_2000@sci.psu.edu.eg 


Dr. Ibrahim Yasser 

Electronics and Communications Engineering Department, 
Faculty of Engineering, Mansoura University, 

Mansoura 35516, Egypt, 


E-mail: ibrahim_yasser@mans.edu.eg. 

















